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A YEAB or two since a lamentable accident occurred in a diving bell on 
the river Clyde, which occasioned, in an instant, and without previous 
warning, the loss of two lives, under circumstances which will yet be 
firesh in the minds of most members of this Society. The cause of this 
accident was the bursting of an air tube and the failure of a valve. As 
such tubes and valves are still in constant use, and may at any moment 
occasion like resiilts, it occurred to me, when investigating the cir- 
cumstances at the time, that by taking advantage of the well-known 
laws of pneumatics, an arrangement of the diving bell might be con- 
structed which would be an absolute security against the recurrence of 
such catastrophes, and might at the same time, by giving greater 
safety, be the means of extending the usefulness of this important 
apparatus. 

Before describing the nature of the pt^posed alteration, it may be 
not uninteresting to allude shortly to the various methods which have, 
at different times, been in use for the purposes of diving. 

The mode of diving without artificial assistance, but merely by the 
power, acquired by practice, of holding the breath for a longer than 
usual period, is of great antiquity. It is still followed by the pearl- 
divers of Ceylon and other parts of India. Some of these persons, 
when trained to the art from their infancy, acquire the power of 
remaining under water for five or even six minutes; while the 
extreme time during which ordinary lungs can bear immersion is 
from half a minute to a minute. The diver, supplied with a mouthful 
of oil, with his chest fully expanded with air, plunges beneath the 
waves; and, having attained the depth of a few feet, emits the oiU 
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wbicli rises and 8prea<{sff' rendering the ruffled water smooth and trans- 
parent. He contijiorcs-his course downwards, and, having reached the 
shells, sponges,.\)t -/^orals of which he is in search, returns to the surface 
with purple ^ijJJe, hlood-shot eyes, and frequently emitting a bloody 
saliva fronj,)u*s* mouth, and showing other signs of the depth to which 
his art ha8..!n3abled him to descend, but at the risk of terminating his 
life at every effort of his skill. 

Fass^g by the abortive, and in many cases absurd, inventions for 
tii^.'^rpose of assisting the diver, proposed or actually tried in more 
.\l«)brent times, it would seem that the earliest '^ diving chest,'* as it was 
*.• . . called, consisting of an inverted chest or bell, ballasted and lowered 
over the heads of the divers^ was employed in the sixteenth century 
for the purpose of searching for the lost treasures of the Spanish 
Armada, near the Island of Mull, and with partial success. In 1687^ 
a square wooden box, bound round with iton, was used by one Phipps 
as a diving bell, and was successful in enabling him to recover treasure 
to the value of £200,000 from a Spanish ship on the coast of His- 
paniola. The diver in this case remained under water till the supply 
of air contained in the box or bell was elhausted, when he had to 
return to the surface for a fresh supply. One of the greatest defects 
of such an apparatus arises fVom the shrinking of the air in the chest 
as it descends to greater and greater pressure, as, by the law of 
Mariotte, the bulk being inversely as the pressure, at a depth of 30 
feet the water will have risen into half the space in the bell, at 60 feet, 
two-thirds, and so on. 

The celebrated astronomer. Dr. Halley, in order to remove this 
obstacle to the practical use of the bell, somewhat more than a 
hundred years ago, introduced the great improvement of a pair of air 
barrels cr casks drawn up and down between the atmosphere and the 
bell by means of an endless cord, the one cask beuig drawn down and 
emptied into the bell while the other was being filled above by an 
assistant. "In this way/* says Dr. Halley, in the Philosophical 
Transactions^ " I was enabled for the first time in the world*s history 
to stand and move about on the bottom of the se% as if on land, with 
my clothes on, for hours together, without any ill consequences. I 
could see perfectly well to read or write when the sun was shining, or 
when it was dark I used a candle for hours together, notwithstanding 
the g^eat expanse of air necessary to maintain flame.'* He then says, 
*' This I take to be an invention applicable to various uses, such as 
fishing for pearls, diving for coral or sponges, and the like, in far 
greater depths than has hitherto been thought possible ; also for the 
fitting and placing of foundations for moles, bridges, &c., in rocky 
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bottoms." Our countryman Halley was thus the originator of 
this now important branch of under-water engineering. 

The next great improver of the diving bell was Smeaton, the 
engineer. He substituted force pumps for Hallej's air barrels, and 
used a cast-iron bell of 2 or 8 tons in weight, raised and lowered bj a 
crane almost exactly in the manner at present employed. He applied 
it with gresi success to the engineering works, as proposed by Halley. 

The common diving apparatus, as at present used, is of two forms — 
viz., the Diving Bell and the Diving Helmet. 

The diving bell consists of a cast-iron box or cell, of rectangular 
form and about 6 feet in height, with a length of 5 feet and a breadth 
of 4 feet, thus giving a cubic internal capacity of 120 cubic feet. It 
consists of roof and sides only, and has no bottom. It is fitted interi- 
orly with a seat for the workmen at each end, with shelves for tools, 
and with a hook from which the Candle or lamp for illumination is 
suspended. It is attended by a barge capable of floating it to the 
scene of operations. On the outside of the roof of the bell is a link for 
the attachment of the chain of suspension. This chain, passing from 
a species of crane on the deck of the barge, and round a pulley on the 
roof of the bell, raises or lowers it as may be required by the workmen 
in the interior. Signals are made by striking on the side of the bell 
by a hammer, water being a good condactor of sound. One stroke 
signifies more air ; two, stand fast; three, heave up, &o. 

As the atmosphere of the interior is vitiated by the respiration of 
the inmates, and by the combustion of the candle, fresh air is supplied 
by means of a hose or flexible tube, communicating with a force pump 
worked by men in the barge from which the bell has been lowered. 

As the vitiated air is usually at a higher temperature than the pure 
air supplied by the pumps, it rises to the roof of the bell, rendering it 
requisite that the pure air be introduced through an opening in the 
roof, so as to drive the vitiated air down before it. As usually con- 
structed, the hose enters by an opening in the centre of the roof, 
pouring down the pure air into the interior, while the vitiated air 
escapes below by, so to speak, underflowing the edge or mouth of the 
belL 

The peculiar danger to which allusion is made in the title of the 
present paper arises from the tendency of the compressed air to be driven 
out of the bell by the water rising from below. So long as the bell 
maintains its erect position, and the roof and hose are tight, the interior 
will remain filled with air, and the water cannot enter. To guard 
against the regurgitation of the air during the action of the pump, the 
foot-valve of the pump is sufficient; and so long as the hoef^ VV^fi^t^ vA 
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the joinfc where it fits on to the hell, remain tight, all is safe; hut if 
the hose or the joint should leak, the compressed air would rapidly be 
displaced, and the interior filled by water. To guard against the effect 
of such leakage, a valve is placed over the opening in the roof by 
which the air enters. In case of leakage at any point along the whole 
length of the hose, or at the pumps above, this valve is the only 
protection to the life of the diver. 

It might at first sight appear that the danger from such an accident 
would not be greater than what would occur from the entrance of 
water into a boat by a hole in the bottom, as in both cases the result 
would merely be the immeraion of the occupants in the water; but a 
little consideration will show that the circumstances are very different. 
1st. The vessel in this case is inverted over the occupant, so it would 
be much more difficult for him to reach the surface. 2d, The bell 
generally rests on the bottom, and, indeed, has its edges or mouth 
frequently sunk (as in the work in our own river) a foot or 15 inches 
into the mud, rendering escape from the interior impossible till the 
whole bell is lifbed; and as the signalling for raising or lowering the 
bell is done by the strokes of a hammer on the side of the bell (an 
operation requiring time and deliberation on the part of the diver), it 
is not likely that such signals would be correctly made in the event of 
the air escaping and the water entering by accident, unless the accident 
was very slow and deliberate. 3d, The circumstances which produce 
the entrance of water through a hole in a boat, and those which cause 
the escape of air from a diving bell, are very different. The pressure 
in the one case may be comparatively small, only a few inches of water, 
and the dense water enters slowly; but in the bell the pressure may 
be, and usually is, great; and the air, being an attenuated body, is 
forced out with rapidity, the water at the same time rising freely 
through the open bottom of the belL The laws of mechanics enable 
us to compute the time which would elapse from the moment of the 
occurrence of a leakage by any rupture of the hose till the whole air 
would be forced out and the interior be filled with water. Take the 
case of a rupture of the hose at or near the surface of the water, the 
valve at the same time not being tight. By a well-known law appli- 
cable to the escape of fluids through openings — viz., the Theorem of 
Torricelli — the air will escape with the velocity which a body would 
acquire in falling to the earth from a height equal to the height of a 
column of the air sufficient to produce the pressure ; or, if A be this 
height in feet, v = V2 ^A = 8 v'A, where v is the velocity in feet per 
second. First, To find the comparative times in which water and air 
would be forced through the opening, if A be the height of the column 
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of air necessary to produce tbe pressure of saj one atmosphere within 
the bell in excess of the external atmosphere, or two atmospheres in 
all, which would be the case at a depth of 30 feet ; then, if h^ denote 
the height of a column of water capable of producing the pressure, 
400 h^ would be the height due to air of double the atmospheric 
density. The ratio of the density of air at common pressure to water 
being as 1 to 800, the velocities will be in the proportion 

vr : vr 



V30 
5 
1 



V30 x400 



V12000 
109 
20 nearly. 

So the bell would empty itself of air in one-twentieth of the time 
that water under similar circumstances would require to pass through 
tbe same size of opening. 

Second, To get the absolute time of filling. As 2| miles is the 
height of a column of bit, of double the ordinary density, necessary to 
give a pressure of two atmospheres, 

we have i? = 8 V 2^ miles. 

= 8 \/l8200 feet. 
= 8 X 116 

= 920 feet per second, or 
11040 inches per second; 

which, if through an aperture of one sqitare inch, would give 11,040 
cubic inches per second, or 1 cubic foot in a sixth of a second, or 6 
cubic feet per second. 

If the bell be 7 feet high, 5 feet long, and 4 broad, or 140 cubic feet, 
23 seconds would empty it of air or fill it with water. If the opening 
be less or g^reater than a square inch, a correspondingly less or greater 
time would be taken. This shows that even a very small opening 
would cause great danger; and that in the event of the supply of air 
ceasing from above, nothing short of absolute tightness in every 
part of the roof could be consistent with the safety of the occu- 
pants of the bell, for even a few seconds. Now, even after alarm 
was taken of the supply having ceased and escape having begun, a 
signal has to be made, and the operation of lifting g^ne through with 
the double chain and ponderous movements of the crane. Even if the 
bell were lifted from the ground, on its progress upwards, before it 
filled with water, the probability is that the men would, in the struggle 
of drowning, fall from their seats, and sink through the open bottom, 
and be lost, as seems to have happened with the two men in the late 
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accident on our own river already referred ta The bell came up 
empty, and even the bodies were not fomid. 

If the rupture of the hose occurred at a point at some depth under 
water, the velocity of escape of the air would be less, and would be 
found, by using the pressure due to the difference of depth between the 
point of rupture and the position of the bell itself, as the effective 
" dvnamic head " in the above calculations. 

When it is thus remembered how readily air, under pressure, escapes 
even by small openings, and also how the best fitting valve may be 
rendered useless by a slight bend of its spindle, by a particle of dust, 
verdigris, a bit of decayed leather from the interior of the hose, by the 
breaking of the spring which keeps it in its place, or by the mere wear 
of continued action, it will readily be granted that any arrangement 
upon which depends the safety or the instant destruction of human 
life ought not, if possible, be made to depend on the accurate fitting of 
a valve. As to the bursting of the hose by a pressure such as is neces- 
sary to send air to a depth of 30 or 40 feet under water, such an acci- 
dent will seem far from unlikely if we consider the circumstances. Say 
that the depth is only 30 feet, a pressure of 16 lbs. on every square inch 
will tend to burst the pipe. Now, suppose that the internal diameter 
is 2 inches, the force tending to tear asunder every longitudinal inch 
will be 30 lbs. It is as if a ring, an inch in breadth, of the hose were 
taken and put over a hook, and 60 lbs, weight hung from it. 

No doubt, in the arrangements made for safety, these tubes and valves 
are ordered to be frequently tested; but such testing requires an 
amount of care and skill not likely tp be always at hand when wanted. 

Shortly after the accident referred to, I proposed to the Clyde 
Trustees the adoption of a mode which would dispense with the use of 
an opening in the roof of the bell, and would thus get rid of all danger, 
there being no valve required. 

The method consists in using a bell without any opening in the roof, 
and in attaching the hose to a metal pipe which descends from the roof 
oiUside the bell to a point at or near the boUom, where it enters and 
turns up, and delivers the air to the interior. As this air is to be 
delivered at the roof, that it may displace the heated and vitiated aU 
mosphere surrounding the heads of the divers, it is requisite that the 
tube be carried upwards to the roof. Now, it is evident that a valve 
in this case would be required, as the open pipe would still afford a 
channel of communication between the outer air and the compressed 
air of the bell. But if an opening is made in the tube at any lower 
level of the bell, say at the height of a foot from the bottom, then this 
opening may be so formed that the blast of air will not escape at it, 
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but will proceed up the pipe to the roof, as it ought to do ; but, on the 
contrary, if water rise in the bell, the water will enter the opening and 
efifectually close the tube, preventing aU further escape of air and rise of 
water above the level of the hole in the tube. Instead of a mere hole 
being made, to give greater security the tube may be interrupted^at 
that point and drawn to a nozzle, which may then blow the air into 
the funnel mouth of another tube, which conducts it to the roof. The 
opening might be made at the lower part or bend of the tube, in which 
case the water would not rise at all in the bell; but in case of the bell 
sinking its edge into the mud, the opening in the tube might be closed, 
and an accident result. This objection was at first urged by the Clyde 
Trustees against the plan; but on its being pointed out to them that, 
by making the opening a foot or 15 inches np the tube, no such 
filling up by mud could happen, they adopted the plan in the bell in 
which the two men had lost their lives, and it has been in constant 
action since. 

The annexed sketch represents in section the proposed arrange- 
ment: — ▲, B, is the bell; d, e, o, ^ shows the metal tube descend- 
ing on the outside and entering the bell by the openipg o, where it 




turns up, and terminates in a nozzle at r, and it delivers the air to 
the funnel-shaped mouth of the larger tube p o, by which it is con- 
ducted to the roof of the bell at o; h is the hose for the supply of air 
from the pumps. 
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In esiimatiiig the proposed arrangement it ought also to be borne in 
mind that it is simple, and can be adopted in any existing bell. Valves 
can be used along with it if thought desirable. If no accident shall 
ever bring it into action, still it is there, and causes no inconvenience; 
and if a burst ever shall occur, the water could not rise higher than 
perhaps the knees of the divers, while air enough will remain to sup- 
port life for a considerable period. Allowing that a cubic foot will 
support the life of one person for eight minutes, and that there are 
two in the bell, each cubic foot will last four minutes. If there is 4 feet 
of depth of air in the bell, it may, in case of extremity, support life for 
two or three hours. 

With reference to the mechanical principles involved, it may be re- 
marked that the force urging the water into every part of the bell is the 
hydrostatic pressure due to the depth, . This is also the force urging 
the air into the tube at e, and tending to keep the water from entering 
the tube at f. So the water, when it rises to f, is forced in merely by 
seeking its level, and fills the tube, and thus seals it; all above this point 
of the bell being without opening, the security is the same as if there 
were no opening. 

It may be mentioned that, in the case of the bell on the Clyde, the men 
not being able to trust the principle thoroughly, have made the experi- 
ment in comparatively shallow water by detaching the hose from the 
pump, and in every instance with perfect security. 

The diving helmet is similar in construction to the diving beU, 
with the exception that, as it is intended only to afford breathing space 
to one person, while it is to allow of the free use of the limbs in walking 
about and working under water, it is made only to envelop the head 
and neck, leaving the arms free. To enable the diver to see objects 
outside his helmet, large glass eyes are inserted in its sides. It is sup- 
plied with air by means of a flexible hose, in commimication with a 
force pump above water, as in the case of the bell. 

The diving helmet is virtually the invention of Halley, the astro* 
noraer. His form of it was intended to enable one of the divers to pass 
out of the main bell, and to go into recesses under ships' bottoms, and 
into other localities which the bell itself, owing to its size, could not 
approach. 

A small cell, like an inverted basin, was placed over the divei's 
head, and had a flexible air tube attached to it, terminating in the 
chamber of the main bell. So long as the small cell was kept above 
the water-level of the floor of the main bell, air would rise into it from 
the main bell, the pressure being less. The diving helmet at present 
in use differs from this chiefly in the circumstance that air is supplied 
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to it by a hose from a force pump worked on the surface of the water. 
In fact, it is only a small diving bell, with windows in its side; so that 
all the remarks made with regard to the dangers of the whole of the 
air escaping from the interior of the bell apply in this case. Exactly 
the same arrangements, as above described, can be applied with the cer- 
tainty of saving a cubic foot of air, even in case of a rupture of the 
hose. A cubic foot of air will, on an emergency, support the breath- 
ing of a man for six or eight minutes, a period which would give 
time for rescue. 



II. — On an Electric Apparatus /or Detecting the Presence of Pieces of 
Metal, such as Musket Balls , <£rc., in Gunshot Wounds. By Db. 
John Taylok 
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It will be in the recollection of many members of the Society that, in one 
of the late actions in the revolutionary war in Italy, the famous General 
Ckribaldi was wounded in the ankle by a musket bullet; and also, that 
a long and painful illness resulted. The ankle joint was not seriously 
affected, yet the wound refused to heal. Many examinations were made, 
in order, if possible, to ascertain whether the bullet was imbedded in the 
bone; and much difference of opinion as to the point prevailed among 
the Italian surgeons. The. most experienced surgical assistance was 
procured, both from France and England. The woimd was enlarged, 
probes and the fingers were introduced without giving any satisfactory 
information. Dr. Partridge, from London, confidently asserted that 
the bullet was not in the wound, and recommended treatment accord- 
ingly, but without benefit. A French surgeon at last recommended a 
piece of rough porcelain to be introduced into the wound, and moved 
about as a file, in order that if lead were present, it might, by abrasion, 
remove a portion of it. This painful expedient succeeded; portions of 
lead adhered to the porcelain. The bullet was in the wound, but as its 
form could not be seen, it could not be grasped with forceps, as it might 
be mistaken for bone, or bone mistaken for the bullet, and injury done 
to the joint. The wound was enlarged, and the slow process of sup- 
puration trusted to for dislodging the offending body. The delay, as it 
happened, was successful. The bullet fell out of the wound, fortunately 
before the strength of the patient had been thoroughly exhausted* Thft 
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recovery was excessively slow, from the irritation resultiDg from a long 
illness. There cannot bo a donbt that, had there been a means of cU 
once detecting and extracting this boUet, a great amount of sufTering 
would have been prevented. It is evident, also, that had the foreign 
body enclosed in the wound been iron, such as the fragiAent of a shell, in- 
stead of a sofb metal like lead (as it happened to be), the porcelain 
probe would not have been successful in indicating its presence. 

It occurred to me at the time, but unfortunately too late to be of 
service to the patient in the case referred to, that a well-known pro- 
perty of electricity might be turned to account in such cases. Metals 
are good conductors, whereas bone and the other substances of the 
animal body are indifferent or bad conductors. We have only to make 
the body in question part of an electric circuity and to apply any test to 
show whether the circuit is completed, or, in other words, whether the 
body is a conductor. For this purpose it is not requisite that the body 
be seen, but merely that it be touched. In this way the electric probe^ 
as it may be called, was constructed. 

It consists of two wires, covered separately with some non-conducting 
material, such as silk, throughout their whole length, with the excep- 
tion of a portion near the points, where a small interval is lefb be- 
tween them. The other ends of the wires are made to communicate 
with a galvanometer, or with an electro-magnet and a bell, and with a 
galvanic cell, in such a way as to form a circuit complete at every 
part, except at the space between the two points of the probe. If 
these two points are then made to touch any conducting body, such as 
a piece of lead, the circuit is completed, and the galvanometer or the 
electro-magnet give corresponding indications. So the probe has only 
to be moved about in the interior of the wound, and the galvanometer 
will indicate the instant it touches the metal, or the bell will ring if the 
electro-magnet be used. 

But even afber the presence of the foreign body is indicated, how 
is it to be extracted? The process by the porcelain probe indicated 
the presence of the bullet to Garibaldi*s surgeons, but it did not enable 
them at once to extract it. Neither will the electric probe; but if we 
insulate the two blades of a pair of forceps, by means of a non-conducting 
joint, they will themselves serve at once for a probe and also as an in- 
dicator of the kind of body, whether a piece of bone or a bullet, which is 
within their grasp. Nothing more is required ; we have only, with a 
suitably shaped pair of forceps, arranged as part of an electric circuit, 
to feel about the wound, gently grasping one part after another, and 
having got the metal, to extract it with the utmost confidence that it 
can be nothing else than the object we are in search of. 
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The annexed sketch represents the arrangement: — r, o, b shows the 
forceps, the one hlade heing electrically insulated from the other at o hj 
means of ivory, vulcanite, or other suitable material m, b, a is the 




electromagnetic bell, while y z is a voltaic cell communicating by wires 
with the electro-magnet and with one blade of the forceps, the other 
blade of the forceps being similarly united to the remaining wire of the 
electro-magnet. 

It is only just to state that after going thus far with the apparatus 
for detecting and extracting metallic bodies in the manner now described^ 
I found, from a report in the Comptes Bendus, that a surgeon of Mar- 
seilles had invented exactly the same kind of probe, and described it 
about the same time in a communication to the Academy of Sciences 
of Paris. He had not, however, done anything with regard to the 
mode of extracting the body, So I think it is doing no one any injus- 
tice to say that this is the first pair of forceps sensitized by an electric 
current for the purpose of extracting metallic bodies in the manner 
described 

A case which came under my own observation in Edinburgh many 
years ago will well illustrate the use to which such an apparatus as the 
one described may be applied, A servant girl presented herself at the 
Edinburgh Boyal Infirmary, asserting that she had swallowed a pad- 
lock. She and a fellow-servant had been fighting for possession of the 
lock; she put it into her mouth, and in the struggle swallowed it. 
Pointing to her neck, she said, '' It is there; I feel it sticking in my 
throat." Mr. Syme, the well-known surgeon, carefully examined the 
case, exploring the throat with a probe, and, after several days* delay, 
came to the conclusion that it was either a case of feigning or of mis- 
take, and dismissed the patient. 

Mr. Lizars, hearing of the case after the girl had left the hospital, 
had her recalled and carefully examined. Something hard was 
reached in the throat by the probe, but the nature of the forei^ 
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body, or its situation, could not be ascertained with sufficient cer- 
tainty to enable it to be pulled out by the forceps. After a delay 
of a number of days, symptoms of irritation and fever having set in, it 
was at last determined to open the throat by an incision in the neck, 
and to examine by absolute inspection whether the girl's statement 
was a true one. The time for the operation had been fixed; but on the 
previous night the patient was accidentally seized with sickness and 
retching, and the house surgeon having been called, he found that the 
padlock had been brought up to within reach of the forceps, and ad- 
mitted of easy extraction. 

What I assert is, that had there been in such a case a certain method 
of distinguishing, by the touch of an instrument, a metaUic body, there 
would have been no cause for embarrassment to the surgeon, nor of 
danger to the patient's life. The sensitized forceps would at once have 
enabled the operator to grasp the body, and, fearlessly, to extract it. 

There is little doubt but that other applications of this method of 
discovering the position of pieces of metal which cannot be seen, may 
be made. Iron cables and anchors may be searched for by a drag 
traversed by an electric current. The exact position of a sunken iron 
ship or boat might be ascertained by a sounding lead fitted with two 
insulated points, stronger, but similar to the probe. 



III. — Description of a Heat-Restoring Gas Furnace, constructed for 
Heating Iron, a>ccording to the Patent of William Gorman and John 
Paton, untJi Results and Observations, By Mb. William Qobmait. 



Read April 19, 1865. 



The Heat-restoring Gas Furnace was constructed at Govan Bar Iron 
Works early in the year 1864, and has received constant attention ever 
since. 

The furnace is similar in arrangement to the ordinary balling or 
re-heating furnace, and occupies about the same space. It differs only 
in the mode of generating the heat, and in having an apparatus, which 
we call a restorer, added for returning the waste heat. 

In the ordinary furnace the coke or soHd part of the coal is com- 
pletely burned on the grate, and in consequence, as explained in former 
papers, the combustion of the gaseous part of the coal is prevented, and 
of course the heat due to the coal gas is lost. 

In the gas furnace the solid part of the coal is converted into car- 
bonic oxide gas, which is combustible, and, along with the coal g^, is 
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burned with a further supply of air in the part of the furnace where 
the heat is wanted. By this process the heat from the gas, as well as 
from the solid part of the coal, is obtained. 

The chamber where the coal is converted into gas occupies the place 
of the fire and grate of the ordinary furnace, and it is made much 
deeper, in order to insure that no carbonic acid gas be allowed to 
escape amongst the combustible gases. 

The furnace may be used either with or without a grate. When a 
grate is used, it must be constructed so that it can be cleaned while 
the furnace is working. The bars are horizontal, supported on 
bearers nearly a third of length of the bar from the ends. The bars 
are free at each end, with an open space above, through which ashes or 
clinker can be drawn ; the bars have room to slide along nearly a third 
of their length, and can be drawn out or replaced when wanted. We 
have found this arrangement to answer very satisfactorily. 

The producer is wrought with close doors, which are cast thin, with 
fins projecting outwardly to keep them cool, after the manner of the 
Gill Stove. Previously the doors were lined with brick; but we find 
this arrangement answers better: it does not heat much, and it is not 
likely to go wrong. 

When the gas from the coal leaves the producer, carrying with it the 
heat generated there, it is supplied with air for its complete combus- 
tion, which in ihis instance it was found most convenient to introduce 
at the bridge, previous to its entering the heating chamber of the 
furnace, when it produces a most intense heat, sufficient, if required, 
for completely melting malleable iron, which, indeed, it has done several 
times, and in large quantities. 

The air for the partial combustion of the solid coal, and expelling 
the coal gas, is supplied cold; but that for burning the gases is heated 
to a very high temperature by the waste heat of the furnace. We 
attempted, but have not yet been successful in working the gas 
producer with heated air, but expect, with suitable arrangements, to 
effect this object also, which should still further economize fuel. 

The air required for combustion is found, in practice, to be about 
twenty-five times the weight of the fuel It becomes, therefore, a 
convenient vehicle for returning the heat, which usually goes to 
waste. The more heat which can be imparted to the air supplied for 
combustion, the less coal is required to maintain a given temperature 
in the furnace. The question then becomes. What is the best practical 
method of transferring the greatest amount of heat from the highly 
heated waste products leaving a furnace, to air entering a furnace for 
combustion ? 
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The apparatus we employ for this purpose, called a heat-restorer, is 
based on a very elegaut instrument, to which my attention was first 
called, about the year 1844, by the late Mr. Condie, whose success in 
overcoming the practical difficulties attending the introduction of the 
hot -blast are so well known. The instrument is for transferring heat, 
and consists of two tubes, one placed within the other, — ^tbe inlet of 
the one tube adjoining the outlet of the other. Of course, the tubes are 
open at both ends. If hot water be poured in one tube, and cold 
water in the other, the hot water will run out cold, and the cold water 
will leave the instrument heated very nearly to the temperature of the 
water which was poured in hot. The waste heat is transferred to the 
air for combustion by the restorer in the same manner. The air is 
introduced at the point farthest from the furnace, and gets heated as 
it advances towards it, where the gases are hottest; and conversely, the 
hot waste gases, as they proceed towards the chimney, meet the air at 
its greatest heat first, and the temperature gets lower and lower as 
they proceed towards the chimney; by exposing great surface, and 
continuing the process, the heat can be effectually restored to the 
furnace by heating the air. 

Mr. Stirling's Patent of 1816 includes heating air for furnaces 
by passing it through a mass of brickwork which had been previ- 
ously heated by passing the flame, which usually escapes, through 
amongst them in an opposite direction. Two chaitTbers of brick- 
work were required, — the one to take up the heat from the escaping 
flame, whilst the other was heating the air or blast; and vice 
verad, the waste flame passing out through those chambers alter- 
nately, and the cold air passing towards the furnace through those 
chambers in an opposite direction, and at the intervening times. Mr. 
Stirling subsequently applied this process to stoves, and to recovering 
the heat from waste hot water at dye*- works, &o, Stirling's air engine, 
Siemen*s regenerative condenser and gas furnace, and £rricson*s air 
engine, have regenerators of this kind. 

The difierent apparatus of this kind are usually called regenerators $ 
but they do not regenerate, they only transfer heat; and they are now 
referred to, to show that their apparent simplicity and utility do not 
hold good in practice. 

In the first place, it is necessary to have two separate regenerators, 
and double sets of valves, for reversing the currents of the air and 
flame or hot gases — (those valves require to be worked by hand, and 
if they are neglected, they g^t burned), and double sets of passages, 
which render the apparatus complicated and liable to go wrong. 

Secondly, as to utility. Suppose the mass of brickwork composing 
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the regenerator heated at one end bj the escaping hot gases to a 
temperature of 4,000®. When the current is reversed, the temperature 
is gradually reduced by the air which is being heated, till it is reduced, 
say to 2,000°, before the currents are again reversed. The mean 
temperature obtained is obviously only 3,000°; and, in ordes to obtain 
this temperature of 3,000°, the brickwork of the furnace, <&c., must 
endure a temperature of 4,000°. The furnace, and iron or steel, &c., 
which are being heated, are thus subjected to an unnecessarily high and 
fluctuating temperature, the evil effects of which, and the danger of 
burning or injuring the iron or steel, are well known to practical work- 
men. But, independently of those obvious objections to this kind of 
regenerator, it is not calculated theoretically to communicate the 
maximum heat to the air, as it must necessarily return only the mean 
between the different degrees of temperature at which the currents are 
reversed. 

The r^^nerator, or rather the restorer which we employ, obviates 
the above objections in a very marked degree. There is only one 
restorer ; and, as there is no reversing of the currents, valves are not 
required for that purpose, and the heat of the furnace advances steadily 
from the lowest to the highest temperature; so that only culpable 
negligence on the part of the heater would bum the iron or steel, or 
the material being heated; and what the furnace gets it retains, and 
does not require to be subjected to a heat higher than what is just 
necessary to do the work. 

The restorer is a chamber placed under the ground line, into which 
is placed a number of fire-clay pipes open at each end. A wall runs up 
at each end of the pipes, dividing the chamber into three compart- 
ments, one large in the centre, and one at each end of the pipes, into 
which they open, connecting the smaller side chambers. The flame 
or waste heat from the furnace passes downwards through the centre 
compartment, impinging on the outside of the tubes placed therein. 
The air for combustion enters the side space at the bottom, passes 
through the pipes to the other side, rising to a higher series of tubes, 
and re«cro88ing, till it arrives at the top of the chamber, the effect being 
an upward current of air meeting a downward current of heated gases, 
with only the thickness of the clay tube (less than an inch) between 
them; the current of air inside preventing the destruction of the tube 
by the high temperature outside. The only extra about this furnace 
which has no counterpart in the common furnace, is the restorer, and 
in practice it gives us no trouble. We have had the pipes taken out, 
from causes incidental to all new triab ; but of late it gives us no 
concern whatever, as it is quite evident, when looking into it, that there 
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is no heat to damage brickwork. We have brought some of the pipes 
which were in use when the furnace was frequently so hot as to melt 
malleable iron, to show that they are not in the least impaired, and 
have not been subjected to anything like a destructive heat. 

We believe the restorer to be a useful, practical, and durable appa- 
ratus. As to its economy we cannot give the exact figures ; but from 
practical observation we believe that, with a given quantity of coal, the 
furnace will heat three times the quantity of iron which is heated in 
the ordinary furnaces, and with coal of an inferior quality. We also 
intend to work the furnace with common dross. 

We expected also to have been able to show a considerable saving in 
iron, as it is very evident, from the sharp appearance of the piles when 
they are heated, that there is very little oxydation. Owing to the 
strike amongst the puddlers, this matter has been deferred ; but, from 
former observations, the saving in iron will scarcely be less than 5 to 
7} per cent, on the whole iron charged. 

Iron does not bum or waste in the improved furnace as it does in 
the ordinary furnace. We have brought some pieces of iron which were 
burned in the ordinary furnace, and also some pieces which were melted 
down in the gas furnace. The effect of the highly oxydizing flame of 
the ordinary furnace in fraying the iron away into cinder is very 
obvious from the rotten, porous coating of the one; and the effect of the 
non-oxydizing flame of the gas furnace is also clearly shown by the 
smooth, solid surface of the other, although its highly crystalline 
fracture evidences that it has been completely melted, and consequently 
has been at a far higher temperature than the burned iron from the 
ordinary furnace. 

The brickwork of the gas furnace also shows that the iron is not 
much oxydized, as the oxide of iron is far more destructive on the 
brickwork than the mere heat of the furnace, and the bricks are not 
cut away in a week or two, as in some parts of the ordinary furnaces. 

It is also believed that iron will improve by being heated in the gas 
furnace, as it is always surrounded with a non-oxydizing flame; and as 
there is always a plenum of pressure inside the furnace, there is no 
danger from the iron being cut away by draughts of cold air, and con- 
sequently no need for building solid coal in the charging door of the 
furnace. 

The general practice of building coal in the door of a re-heating 
furnace, after it is charged with iron, requires a few remarks; but in 
order to understand the importance of the consequences attaching to 
the practice, it is necessary to take a glance at the history of the 
manufacture of iron. 
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Previous to the introduction of coal, the refining of iron was all done 
with wood charcoal, the iron being worked in contact with the solid 
charcoal; but it was found that iron refined with solid coal or coke in 
the same manner was rendered useless, its strength and tenacity being 
destroyed by the sulphur and other impurities in the coal or coke; and 
it was only after many attempts and failiu^s that it was found that 
iron heated with the flame of coal was not liable to be injured by the 
impiuities contained in the coal. Hence the process of refining iron 
by puddling in a reverberatory furnace ; and when solid coal is laid in 
contact with iron at a high temperature, as in the practice referred to, 
the same evils are produced which puddling was introduced to remedy. 

Besides, when iron is highly heated in contact with solid coal or 
coke, it is re-converted back into some of the forms of steel, or perhaps 
cast iron. I have not made any direct experiments to prove this 
statement; but believe it will be recognized by metallurgists as being 
an explanation of a fact with which engineers, shipbuilders, and boiler- 
makers are well acquainted — viz., a sound-looking plate, when punched 
or sheared, breaking away at some part of the edge or end as short as 
cast iron. 

If the iron were properly puddled, this could not occur in the gas 
furnace ; but it may occur at any time, and must often occur in the 
ordinary furnace. 

The gas producer was placed below the furnace at first, and pro* 
duced very good results; but it was desirable that the usual furnace 
arrangements should be adhered to as much as possible, and the gas 
producer was built on the same level as the rest of the furnace ; and in 
order to prevent cold air from getting into the furnace, it required to 
be worked under pressure, for which purpose a small steam fan was 
employed. It gives complete control over the furnace in every respect, 
both as to heating rapidly and the quality and quantity of fiame. 

The irimace is also admirably adapted for puddling, and melting cast 
iron for foundry purposes. The iron will not be deteriorated, as in the 
cupola, and dross can be used instead of coke. It is abo well adapted 
for large forgings and ordinary smithy purposes. In short, for working 
iron or steel in every way it is far better than any mode of heating by 
solid coal, as flame, although produced from inferior coal, or even dross, 
is superior to the finest solid coal for working or welding iron or 
steel 

I have great pleasure in stating that every facility was granted, and 
no expense spared by the firm, in bringing the furnace to the greatest 
perfection; and the Engineer, my colleague in this Patent, has applied 
his practical skill and well-known ability with unthnng energy to the 
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same end. We are now in a position to recommend the furnace, and 
guarantee its results as to economy in fuel; and we believe the improve- 
ment in the quality, and the economy in working iron, will be far more 
important than the established saving in fuel. 

The accompanying plate is a longitudinal sectional view of the Heat- 
restoring Gks Furnace, as applied to heating piles for a Plate Mill. 

A is the door for supplying coal into the gas producer B, the ashpit 
of which is closed ; the air for partial combustion being supplied at c. 
The gas, in passing over the bridge, is supplied with highly heated air at 
D, through the passage £, leading from the restorer. The combined 
gas and hot air produce intense heat in the chamber f, where the piles 
to be heated are placed. Afber having acted on the piles, the escape 
gases leave the heating chamber at o, and enter the restorer at h, and 
passing down amongst the tubes, are deprived of their heat before 
entering the passage leading to the chimney. 

The air for burning the gas is passed through the first two rows of 
pipes at the bottom, and, rising, returns through the second three rows 
of pipes, thence, rising higher, through the top four rows, where it 
enters the passage leading to the combustion or heating chamber of the 
furnace, having attained a very high degree of temperature. 

Since the above paper was read, we have ascertained, from returns of 
trials, the exact yield of the Gas Furnace, as compared with furnaces of 
the ordinary kind. The following are the trials referred to : — 

Five piles, each 470 lbs. = 2,350 lbs., were weighed for the purpose, 
and charged into the Gas Furnace. At the same time, the same num- 
ber of piles of equal weight were charged into the ordinary furnace. 

The Gas Furnace produced, from 2,350 lbs. of iron charged, 2,247 
lbs. rolled iron, the loss being only 103 lbs., or 4*38 per cent, of the 
iron charged. 

The ordinary furnace produced, from 2,350 lbs. iron charged, 2,058 
lbs. rolled iron, the loss being 292 lbs., or 12| per cent., nearly. 

The yield, or iron required to produce a ton of rolled iron is therefore, 



With the Gas Ftimace, 
With the Ordinary Fomaoe, 



Ton. cwt 


qrs. 


IbB. 


1 


3 


19 


1 2 


3 


10 



1 3 19 



Bo that, in the Gas Furnace, 1 cwt. 3 qrs. 19 lbs. is saved, or less iron 
is used in producing a ton of rolled iron than with the ordinary furnace. 
Those results were confirmed by subsequent trials, the returns of 
which are within a fraction of the above statements. 
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We have had the Furnace worked regularly, heating three piles, 
each 1,400 lbs., = 4,200 lbs. per heat; and four heats within twelve 
hours,— four heats of 4,200 lbs. = 16,800 lbs. = 7 tons 10 cwt, 
which, according to the above data, if heated in the Gas Furnace, would 
produce of rolled iron 7 tons 3 cwt. 2 qrs. 10 lbs.; — and 7 tons 10 cwts. 
heated in the ordinary furnace would produce 6 tons 11 cwt. 1 qr. 1 1 lbs. ; 
consequently 12 cwt. and 27 lbs. of iron is saved by the use of the Gas 
Furnace in twelve hours. 
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MINUTES. 



Andersorfs University Buildings, November 2, 1864. 

The Sixty-third Seasion of the Philosophical Society of Glasgow was 
opened this evening — Professor Heniy D. Rogers, the President, in the 
Chair. 

Mr. John Gray, 150 West George Street, proposed as a memher at 
the concluding meeting of last session, was elected. 

The President presented the following Books to the Lihrary, viz. : — 

Carpentei's Zoology, 2 voIb., 8to. London, 1845. 

Mantell's Medala of Creation, 2 yoIb., 8vo. London, I845i 

SmiUi's Katoral History of the Human S^iedes, Svo. Boston, 185L 

A. K. Johnston's General Gazetteer. 

The United States Sanitary Commisaion, 8va Boston, 1863. 

The thanks of the Society were voted to the President for his gift. 
The President delivered an opening address, in which he reviewed 
and commented upon the proceedings of last session of the Society. 
The Secretary read the following 

Gbxtuabt Notices. 

Since last session, the Society has had to lament the death of two of 
its Honorary Members, namely, Alexander Hastie, Esq., who long held 
the office of Secretary, and Br. Robert Dundas Thomson, of London, 
who took an active part in the business of the Society during his resi- 
dence in this city. 

Mr. Hastie entered the Society in the year 1827, and in the same 
session was appointed an Honorary Member, out of respect, it would 
appear, to the memory of his father, then recently deceased, and whose 
long services to the Society, of which he was for many years President, 
the minutes of the time warmly acknowledge. Mr. Alexander Hastie 
became Secretary in 1834, and continued to perform the duties of that 
office till his connection with municipal affairs rendered it necessary to 
devolve these duties upon an assistant, and subsequently a Joint-Secre- 
tary. He was elected to the Clyde Trust in 1835; became a member 
of the Town Council in 1837 ; was chosen Lord Provost of the city in 
184G; and in 1847, was elected one of the Members of Parliament for 
Glasgow, from which office he retired in 1857. He was afterwards 
appointed a member of the Royal Commission on the Scottish Univer- 
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sities, in the service of wliich he closed a public life of great and 
acknowledged usefulness. Fortune had rewarded his honourable career 
as a merchant; and he had just entered on possession of an estate 
which he had acquired in Fifeshire, when he was cut off, on the 13tli of 
August, 1864, in his fifty-ninth year. 

, Dr. Robert D. Thomson died at Richmond, on the 17th of August, 
1864, in the fifty-fourth year of his age. He was the son of the Rev. 
Dr. Thomson, minister of Eccles, Berwickshire. His professional educa- 
tion was first prosecuted in the University of Edinburgh, and after- 
wards under his uncle, Dr. Thomas Thomson, Professor of Chemistry in 
the University of Glasgow. On completing his curriculum, he received 
the appointment of Assistant-Surgeon in the East India Company's 
Navy, and proceeded on a voyage to India and China. On his return he 
commenced medical practice in London, where he conducted a monthly 
periodical, entitled " Records of General Science," and, jointly with Dr. 
Farr, edited another journal, "The Annals of Medicine." On his 
marriage with the daughter of Dr. Thomson, of Glasgow, he removed 
to thb city, where for a period of ten years he assisted his uncle, who 
had become enfeebled by age, in discharging the duties of the Chair of 
Chemistry. He became a member of the Philosophical Society in 
1841, when Dr. Thomas Thomson was President, and from that period 
till his connection with the Society terminated, in 1852, was a frequent 
contributor to its proceedings. Volumes I. to III. of the printed 
Proceedings contsLin papers by him "On Parietin;" "On Supplying the 
Poor with Food;" "On the Cure of Blindness produced by Oil of Vitriol " 
"The Analysis of Cowdie Pine Resin" "On the Nutritive Power 
of Bread and Flour of different Countries;" "On White Serum;" 
" Analysis of Ceradia Resin ;" "On Analysis of Minerals ;" " On Chemistry 
of Food;" "On Digestion;" " On Rainfall near Glasgow;" " On Sanitary 
Reform;" " On Shea Butter;" " On Test for Alcohol ;" " On the Vinegar 
Plant;" together with notices of a less formal description. While he 
was himself a voluminous contributor to the Proceedings^ he was 
indefatigable in his exertions to obtain papers of a useful description from 
other members, and from men of science unconnected with the Society. 
The results of investigations prosecuted under his direction by students 
in the University Laboratory were in this way brought under the 
notice of the Society. He edited the Proceedings^ and, along with Mr. 
John Joseph Griffin, now of London, devoted much time and attention 
to the improvement of the Library, adding many scarce and valuable 
works, and completing series of publications which had been left imper- 
fect and valueless. He was also at pains to acquire rare and curious pub- 
lications connected with the history of Glasgow, such. a&, \a t^^^ \v\& 



22 The Philosophical Society of Glasgow. 

own remark, '* might be serviceable to any future writer on the antiquities 
and progress of the city." He succeeded Mr. Griffin as Librarian, and 
in that capacity spared no labour to enrich the collection by a judicious 
choice of works in which it was defective, besides presenting a succes- 
sion of published statistical documents. As a member of the Society's 
Committee appointed to co-operate with a Committee of Town Council, 
he was actively engaged in the preparations for the great and successful 
public exhibition in the City Hall during the Christmas holidays of 
1846. With a view to the diffusion of a friendly feeling amongst the 
members, he promoted those social re-unions which for several winters 
formed a pleasing feature in the intercourse of the Society. Services 
so varied and valuable were duly appreciated by the Society, which 
recorded its grateful acknowledgments to Br. Robert Thomson, and 
appointed him an Honorary Member when, on the death of his distin- 
guished relative, he left Glasgow and returned to London. He was no 
sooner settled in the metropolis than he was appointed Professor of 
Chemistry to St. Thomas's Hospital. When the Metropolitan Manage- 
ment Act came into operation, he was chosen to the post of Medical 
Officer of Health, the exacting duties now devolved upon him rendering 
it necessary to resign the Chemical Professorship. The reports published 
occasionally by the Hegistrar-General on the quality of the water 
furnished to the metropolis were founded on analyses performed 
gratuitously by Dr. Thomson. The subject was one which had in- 
terested him in Glasgow; and the London reports led to his being 
consulted as to the improvement of the water supply to Liverpool and 
other provincial towns of England. In addition to the works already- 
mentioned. Dr. Thomson for three years edited a scientific publication 
entitled The JBritish AnniujU Whilst in this city he conducted, at 
the instance of Government, a series of elaborate and costly experiments, 
the results of which were embodied in a volume on Food /or Cattle. 
He ako published an elementary book on School Chemistry^ and an 
Bncydopcedia of Chemistry, besides contributing to the Tranaactiona 
of the Royal Society, of which he was a Fellow, and the Meteorological 
Society^ of which he was President. The energy of character and 
restless activity indicated by these multifarious labours were united to 
great kindness of heart and a disposition thoroughly benevolent. And 
it deserves to be recorded of Dr. Bobert Thomson, that in the rivalry 
of h(mourable ambition he never cherished an ungenerous feeling towards 
a competitor ; nor in the keenest collision of opinion was he tempted to 
detract from the merits of an opponent. 



Minutes, 23 

November 16, 1864. — The Pbesident in the Cluiir. 
The following were elected members of the Society, viz. : — 

Mr. W. Newton MacCartney, 98 Hutcheson Street. 
Mr. Thomas P. Miller, Springfield Works, Dalmamock. 
Mr. George Watson, 107 Union Street 

Mr. William Bamsay, the Interim Treasurer, gave in the following 
Abstract of the Treasurer's Accounts for Session 1863-64: 

Dk. 
1863.— .Vbr. 1. 
To Cash in Union Bank, £23 U 

„ Da in Treasurer's hands, 1 18 6 

£24 19 5 

,, Entry-money and Dues from 24 new Members, at 

42a. £50 8 

„ Annual Dues from Four Original Members, at 5s., 10 

Do. from One Original Member, five years, 15 

Do. from 242 Members, at 2 Is., 254 2 

Da from Four Members, two years, 8 8 

315 3 

„ Institution of Engineers for Rent, 16 

„ Interest, 3 18 6 

,, Taxes recovered from Landlord, 2 17 

£361 17 10 

Cr. 
1863.— Oc<. 31. 

By New Books and Binding, £84 2 5 

, , Printing and Illustrating the Proceedings of the Society, .......... 3110 6 

,, Printing Circulars, &c., 15 10 

„ Stationery, 2 12 

„ Salaries, Wages, Deliveiy of Circulars, &a, 120 12 10 

„ Rent, Insurance, and Gas 53 2 11 

,, Petty Charges, Postages, &c., and Taxdss 11 13 IJ 

„ Balance at the Bank, £28 19 

Da in Treasurer's hands, 14 5 10} 

43 4 lOi 

£361 17 10 



The thanks of the Society were voted to Mr. Ramsay for his services 
as Interim Treasurer. 

Dr. Bryce made a verbal report on tbe Library. The number of 
volumes now amounts to 3,637. 

The Society then proceeded to the Sixty-third Annual Election of 
Office-Bearers, when the following were appointed, viz; — 
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Pbofessob Uenbt B. Rogers, LL.D., F.B.S. 

Utce«Pce0Aent0, - 
Pbofessob Allen Tuomson, M.D., F.RS. 
Db. Fbajtcis H. Thomson. 

ILibtarian. 
James Bbtce, LL.D., F.G.S. 

Mb. James Heid. 

2ectctarB» 
Mb. Willlam Keddie. 



dTonnca. 



Mb. Alexandeb Habtey. 
Mb. Thomas M'Guffie. 
Mb. James M. Gale. 
Pbof. W. J. M. Raneine. 
Mb. James Napieb. 
Mb. Robebt Habt. 



Bb. John Tatlob. 
Mb. Geobge C. Fosteb, B.A. 
Mb. James R Napieb. 
Pbop. W. T. Gaibdneb, M.B. 
Pbof. Robebt Gbant, M.A. 
Ret. Henbt W. CBOSSBan:. 



On the motion of Mb. Jeffbat, seconded by Bb. Bbyce, it was 
remitted to the Council to revise the Rules of the Society. 

Several objects of scientific interest were exhibited by Mr. Mayer and 
other members. 



November 30, 1864.— TA« Pbesident in tlie Chair. 

Mr. William Moffat, junr.. Merchant, was elected a member of the 
Society. 

Bb. Bbtce and the Rev. Henby W. Cbosskby made a joint com- 
munication to the Society ^' On Certain Bescribed Cases of the Occur- 
rence of Fossils in the Boulder Clay of the West of Scotland." 



Lecefuber 14, 1864. — Bb. Allen Thomson, Vice-Preaideni, 

in tJis Chair, 

The Yice-Pbesident, as Local Secretary in this city to the Ray 
Society, called attention to the new issue of books by that body, and 
recommended it to the support of the members of the Philosophical 
Society, who, under the new arrangements, would receive for their 
annual subscriptions a series of original scientific works of the highest 
value. These publications would in future appear with greater regu- 
larity than for some years past. 



Minnies, 25 

The following papers were read: — 

" On the Mechanical Action of Glaciers in Excavating Lakes," hj 
Mr. John D. CamphelL 

'< On Evidences of Glacial Action in the neighhourhood of Loch 
Doon," by Dr. Bryce. 



January 11, 1865. — Rev. Me. Crossket in the Cftair. 

Mb. Geobge 0. Fosteb exhibited and described Mechanical Models 
illustrative of some of the Fundamental Laws of Optics. 

Db. Bbtge stated the result of an excavation made at Kilmaurs for 
the discovery of the bed in which the remains of Elephants (be- 
lieved to be Elephaa primigenitu) were found in the years 1817 and 
1825. The fossils were discovered under the Boulder Clay, in a deposit 
which Dr. Bryce considered to be of the age of the English Crag. 

Db. Bbtce called the attention of the Society to specimens of 
Metallic Ores from the neighbourhood of Loch Fyne. 



January 25, 1865. — Db. Allen Thomsoit, Vice-President^ 

in the Chair, 

Mr. Robert Townsend, Chemist, was elected a member of the 
Society. 

The Vice-Pbesident congratulated the Society on the presence of 
Dr. J. P. Joule, of Manchester, one of the Society's honorary members. 

Pbofessob Willlajm Thomson explained the defects of the ordinary 
Electrometer in its want of assured discrimination between positive and 
negative electricity; and exhibited and described various new instru- 
ments of greater delicacy, to which he gave the name of Heterostatio 
Electrometers. 

Db. Joule expressed his gratification with the instruments ex- 
hibited, and stated that many most important points in their con- 
struction were entirely new. 



Februa/ry 8, 1865. — Db, Fbancis H. Thomson, Vice-President, 

in the CJiair, 

Db. Thomas Ansebson read a paper " On some Points connected 
with the Economy and Use of Sewage." 

The paper gave rise to a discussion, in which Dr. Gairdner, Mr. 
Downie, Mr. Stamford, and Mr. Jilacadam took part. 
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Fdmjuxry 22, 1865. — Be. Fkaxcis H. Thomson, Vice^PresuJkiU, 

in the Cftair, 

The following were elected members of the Society, viz. : — 

Mr. Alexander Macarthar, 10 Woodside Temoe. 
Mr. John Martin, 5 Park GaidenB. 
Mr. William Gentles, 2 Windaor Place. 

Mb. George C. Foster delivered a lecture " On the Use of the Prism 
in Chemistry, including Spectrum Analysis." The lecture was illus- 
trated by numerous experiments. 

A cordial vote of thanks was given to Mr. Foster. 



March 8, 1865. — Da. Feaxcis H. Thomson, Vice-President, 

in (he Chair, 

Mr. Thomas Wiseman was elected a member of the Societv. 

The VicE-PRESiDzyT intimated that the Coimcil had devoted much 
of its attention during the ndnter to the revision of the Regulations of 
the Society, and would be prepared to lay its report before the next 
meeting. 

Profesbob Grant gave an exposition of the present state of our 
knowledge of the Sun's Distance from the Earth, with remarks on the 
different methods which have been proposed for its determination. 



MarcJi, 22, 1865. — Dr. Francis H. Thomson, Vice-President, 

in the Chair. 
Mr. Charles S. Boog was elected a member of the Society. 
The following books were presented by Mrs. Hastie, of Camock, 
through Mr. James R. Napier, to the Society's Library: — 

1. Papers and Correspondence relating to the Arctic Ejcpedition under Sir 

John Franklin, 1848-50. 

2. Keport on Public libraries. 1850. 

3. Papers relating to a Conrt-Martial in Ceylon. 

4. New York Directory for 1812. 

5. General Report on Manafactnres, Navigation, Commerce, kc, of Scot- 

land. By J. Boaz. 1813. 

The thanks of the Society were voted to Mrs. Hastie for her donation. 

The Vice-President presented a draft of the Regulations of the 
Society as revised by the Council, and bore his testimony to the 
valuable services rendered by Mr. James R. Napier as Convener of the 
Council's Committee on the Regulations, in which capacity he had 
during the winter bestowed much time and attention on the duty 
assigned to the Committee. 



MinuUs, 27 

The Secsetabt having read the drafb, of which copies were furnished 
to the members present, 

The Yice-Pbesident directed attention to the principal alterations 
introduced, and, requesting the members to give the drafl a careful 
perusal before the next meeting, proposed that the first vote be taken 
to-night. He therefore moved the approval of the report and adoption 
of the revised draft; which, being seconded by Mr. James R. Napier, 
and submitted to the Society, was unanimously agreed to. 

Professob William Thomson made a communication " On Secular 
Variations of Terrestrial and Atmospheric Temperature." 



April 5, I860.— Dr. F. H. Tuomsox, Vice-President, in the Chair, 

Mr. Robert Hogg, 9 Newton Street, was elected a member of the 
Society. 

The amended Regulations of the Society were considered in detail, 
and, on the motion of the Vice-President, seconded by Mr. James R, 
Napier, were unanimously and finally adopted. 

The following papers were read and illustrated by Dr. John Taylor, viz.: 

1. " On a Means of Preventing Accidents in Diving Bells." 

2. " On an Electric Apparatus for Detecting the Presence of Pieces 
of Metal, such as Musket Balls, &c., in Gunshot Wounds." 



April 19, 1865. — Dh. F. H. Tuomsok, Vice-Pre^tident, in the Chair. 

The following papers were read: — 

Mr. William Gorman, — "A Description, of a Heat-restoring Gas 
Furnace, constructed for Heating Iron, according to the Patent of 
William Gorman and John Paton, with Results and Observations." 

Rev. H. W. Crosskey, — " New Additions to the Fauna of the Glacial 
Epoch, by Rev. H. W. Crosskey and Mr. David Robertson." (This 
^mper will be printed in the next Part of the Proceedings.) 

The Vice-President announced that the session of the Society ter- 
minated with the present meeting. He expressed his regret at the 
continued absence of the President, from infirm health. In looking 
forward to the next session, he indulged the hope that the proceedings 
of the Society would acquire fresh interest from the introduction of 
public lectures, for which provision has been made in the revised Rules. 
He took leave to recommend to the members that, in following out their 
pursuits daring the summer, they would bear in mind what was due to 
the Society by storing up information to be communicated when they 
re-assembled next wint<;r. 
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MINUTES CONNECTED WITH THE EXHIBITION OF 

184647. 



Printed by order of the Council of the Phil'jsophical Socit^ty. 



Extracts froni Minutes of Philosophical Society op Glasgow. 

23d Ma/rck^ 1846, — Mr. Liddell moved, in accordance with a recom- 
mendation from the Council, the appointment of a Committee from 
this Society, to co-operate with any Committee that might be named 
by the Town Council, in an-anging for a Public Exhibition of Models 
of Machinery, Specimens of Ceology, Mineralogy, <fec.; and that a 
sum not exceeding £50 should be placed at their disposal as a 
guarantee against loss; which was seconded by Mr. Crum, and 
unanimously agreed to. The following gentlemen were then named : 
Messrs. Crum, W. Murray, Hastie, Gourlie, Keddie, Dr. R. D. 
Thomson, Messrs. Liddell and Bankier, with power to add to their 
number — Mr. Liddell, Convener. 

• 1st April, 1840. — Mr. Liddell read the following Minute from the 
Joint- Committee of the Society and Town Coimcil on the proposed 
Exhibition : — 

" Glasgow, the twenty- seventh day of March, 1846. Convened 
" Andrew Liddell, Esq. (Chairman), Bailies Whitehead, Mackinlay, 
" ikc, Messrs. Mun*ay, Gourlie, d:c.. Members of the Committee as to 
" Exhibition of Models, ttc. 

" Having i*esumed consideration of the draft agreement submitted 
" at last meeting as to the terms on which the Exhibition should be 
" got up and conducted, and the same having been fully considered 
" and discussed, the following was unanimously approved of, and 
"agrt^ed to be recommended to the Town Council and the Philo- 
" sophical Society for adoption, viz. : — 

" First, That the Philosophical Society take the charge exclusively 
" of collecting and arranging all articles to be exhibiteii, and that it 
" shall be called " The Philosophical Society's Exhibition of Models, 
" ifec." 

" Second, That for the puqK)se of raising sums of money towards 
" defraying outlay, admission fee be exacted on the days and at the 
" rates now to be named (admission to be given to ladies on all the 
*' days), viz., — the Exliibition to be opened on the evening of Tuesday, 
" the 29th December, at Seven o'clock, being j)romenade night; Single 
*' Tickets, 2s. Gd., Family Tickets of five, 10k, which includes tea, 
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" coffee, and music. Wednesday, the 30th, and Thursday, the 31 fit, 
" open from Eleven in the morning till Nine at night — admission, Is. 
"each; children under ten years, 6d. each. Friday, Ist, Saturday, 
" 2d, and Monday, 4th January, open to the public gratis, from Ten 
" momiug till Nine at night. 

" Third, That for the purpose of increasing the amount of funds 
" made available for paying expenses, the members of the Philoso- 
" phical Society waive all claim or right which they have for them- 
" selves or friends of being admitted on terms more favourable than 
" the public generally. 

" Fourth, That the Philosophical Society guamntee against loss in 
"equal proportions with the Town Council, to the extent of £100; 
" and that if the loss should exceed the said sum of XI 00, the excess 
" to be borne exclusively by the Town Council, it being understood 
" that the gross expenditure shall not exceed £500. 

" Fifth, If it should happen that, in place of a loss, there should 
" be overplus of money received, said overplus to be laid aside as a 
" fund for future exhibitions of a similar nature, it being understood 
that in estimating the loss or gain, no rental is to be exacted for the 
" use of the City Hall, in which the Elxhibition is to be made. 

Sixth, While the Philosophical Society takes exclusive manage- 
ment of collecting and an-anging all articles to be exhibited, yet it 
must be understood that the Society goes into no single measure 
** involving an outlay of £30 or upwards, without approval of the 
" Committee of the Town Council. 

^^ Seventh, That Corresponding Committees be appointed as soon 
"as possible in London, Edinburgh, Manchester, and Liverpool, for 
" the purpose of aiding in the collection of articles of interest fitted for 
the exhibition ; and that the Town Council as a Corporation, and 
its members as individuals, agree to lend their aid also in this work. 
^^ Eighth, Tliat Glasgow College, Anderson's Univeraity, and 
Glasgow Mechanics' Institution, be respectfully requested to give 
from their museums such articles as may be considered proper and 
" fit to be removed for same purpose. 

" Which report was unanimously agreed to." 

ISih April, 1846. — The Council reported that Mr. Liddell had 
intimated to the meeting this evening that the Town Council had 
agreed to the Report of the Joint Committee of the Town Council 
and the Society as to the Exhibition of Models, <kc., giving to the 
Joint Committee discretionaiy powers as to details. Mr. Liddell then 
moved that this Society give the Committee the same powei-a, which 
was agreed to. 
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£8th AprU, 1847. — ^Mr. Liddell made bis concludiDg Report on the 
'winding up of the affairs of the Society's Elxhibition at the beginning 
of the year. All the accounts were paid, leaving a balance of receipts 
over expenditure (now in the Union Bank) of £453 8s. lOd., which, 
with £7 2s. lOd. of interest to the 20th of April current, leaves an 
available balance of £460 lis. 8d., to be laid aside for future 
Exhibitions of a similar kind, in conformity with Article V. of Con- 
tract Agreement betwixt the Town Council and the Philosophical 
Society, of date 1st April, 1846, which runs thus: — "If it should 
" happen that in place of a loss, there should be an overplus of money 
" received, said overplus to be laid aside as a fond for future exhi- 
" bitions of a similar nature." 

Mr. Liddell moved, agreeably to a recommendation in the Acting 
Committee's Report to the General Committee on the Exhibition, 
and adopted by the latter on the 20th April, " That this money in 
" the meantime be lodged with the Corporation of the city, at the 
" current rate of interest, in name of the Lord Provost and Senior 
** Bailie of Glasgow, ex qffieioy and of the President and Vice-Presi- 
" dent of the Philosophical Society, also ex officio^ as Trustees for 
" the application of this sum ; and that the Treasurer of the Philo- 
" sophical Society for the time being be the custodier of the bill or 
" other voucher for the debt ; and that he be requested to see that 
" the interest be added to the principal sum twice every year, at the 
" usual terms of Martinmas and Whitsunday, conHnendng at the 
" term of Martinmas, 1847. And, forther, that the Treasurer be 

required to report to the Philosophical Societjr, at least once every 

year, the state of the Fund ; and that the Philosophical Society see 
" that this report to them is regularly given in." 

Which motion was unanimously approved of by the Society. 

16th November, 1864. — The Treasurer rejjorted that the money 
lent to the Corporation of Glasgow, from proceeds of Exhibition in 
1846, amounted, with interest to 15th May last, to £937 7s. 2d. 

Extract /rom Minutes of a Meeting of the Magistrates 
AND Council op Glasgow, hdd on 26th May, 1847f 
the Hon. Alex. Hastie, Lord Provost, in tlic Chair. 

Bailie Liddell, with reference to the Report hereinafter 
engrossed, distributed among the Members of Council, noticed at some 
length the importance of raising an adequate fund for the establish- 
ment of a permanent Philosophical Exhibition in Glasgow, and 
concluded by moving: ''That the Council take in loan the money 
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" now offered by the Committee of the Philosophical Society Exhi- 
*^ bition, amounting to £462 6& 2d. ; and that the Chamberlain be 
** authorized to grant a Bill in the usual terms for the same, in favour 
of the Lord Provost and Senior Bailie, ex cfficio, and the President 
and Vice-President of the Philosophical Society, also ex officio, as 
Trustees for the purpose named in the Report" The Lord Provost 
noticed the humane and successful exertions made by Bailie Liddell 
and other Members of the Philosophical Institution on the occasion 
of the late Exhibition, and expressed the thanks of the Council to 
Bailie Liddell and the other gentlemen. Thereupon the Magistrates 
and Council unanimously approved of Bailie Liddell^s motion, and 
authorized the Chamberlain to grant the usual promissoiy note for 
the sum, and upon the terms therein mentioned* 

" BEPORT.— The Acting Committee to the General Committee of 
the Philosophical Society's Exhibition. 

The Acting Committee in this their final Report do not consider 
it necessary to go into a lengthened detail of the proceedings connected 
with the Exhibition, this having been already done in a Statistical 
'' Account drawn up at their request by their Chairman, and a printed 
''copy of which has been sent to every member of the General 
'' Committee. They consider that they have now only to report that 
all matters connected with the Exhibition are brought to a close. 
Every article sent for the purpose of being exhibited has been 
received back by its owner. All the accounts are paid, and there is 
a balance of receipts over expenditure, now in the Union Bank, 
« amounting to £453 8s. lOd, which, with £7 2«. lOd. of interest 
'' to the 20th April current^ leaves an available balance of £460 1 Is. 8<I 
'' to be laid aside for future exhibitions of a similar kind, as fier 
*^ Article Y, of Contract Agreement betwixt the Town Council and 
" the Philosophical Society, of date 1st April, 1846, which runs Uaus: — 
'' ' If it should happen that in place of a loss there should be an over- 
'' ' plus of money received, said overplus to be laid aside as a fund for 
'' ' future exhibitions of a similar nature.* Your Committee take the 
'' liberty of recommending that this money in the meantime be lodged 
with the Corporation of the dty at the current rate of int^Tf^rt, 
which is Five per Cent, in name of the Lord Prcn-'ost and H*fuior 
Bailie of Glasgow, ex <^uno, and of the President and Viee-IV«ident 
of the Philosophical Society, also ex ojffiriOf as Trustees for the A\qAi' 
" cation of this sum in conformity with the alx/ve-quoted Article, and 
"that the Treasurer of the Philosophical Socif^y for the time Wiuf/; 
" be the custodier of the bill or other voucher of the *le\ft, and tliat 
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" he be requested to see that the iDterest be added to the pnnci])al 
^^sum twice every year, at the usual terms of Martinmas and 
^ Whitsunday, commencing at the term of Martinmas next ensuing, 
" 1847; and, further, that it be a recommendation of this Committee 
" that the Treasurer be required to report to the Philosophical Society 
"at least once every year the state of this Fund, and that the 
*' Philosophical Society see that the Report to them is regularly given. 
" Your Committee cannot close this Report without expressing their 
" high satis&ction at the eminent success which attended this Exhibi- 
" tion, and their conviction that the patronage of the Town Council, 
" with its liberality in guaranteeing the Oeneral Committee against 
'* the greater part of any loss that might have occurred, as also their 
" granting the City Hall for the Exhibition rent free, gave an im])etu8 
to the skilful carrying out of the plan by the willing and industrious 
working members of the Philosophical Society. To the active 
" exertions of the latter for a long period of time, and to their thorough 
" knowledge of the proper objects for exhibition, and their interesting 
" their sdentifio friends in other places, ^m whom many valuable 
'' contributions were received, we are mainly indebted for tliat which 
"gave so much and such general satisfaction. There were many 
" other Contributors' unconnected in any way with either of the above- 
-named bodies to whom the Committee were indebted for many 
- valuable and rare articles. To all the Contributors a s[)eci2il vote of 
" thanks of the Committee has been sent. In conclusion, allow your 
" Acting Committee to express their hope that a permanent Exhibition 
" of a similar kind will be at no distant period established in this city. 
" It will be seen from the Article quoted above that something of 
" this kind was in view of the promoters of this Exhibition now 
" passed away, when taking preliminary steps for its being got up. 
" The contingency of a surplus of revenue over expenditure which 
" they provided for has actually taken place to the amount of nearly 
" Five Hundred Pounds. It will be seen that this sum can bo 
" devoted to no other purpose, and it may prove a valuable nucleus 
" from whence may arise a similar concern, but of a more durable 
" description, and one which may j)rove to be not only attractive, but 
" to the highest degree useful to the population of this gi-eat commer- 
" cial city. 

« (Sig<? ) ANDREW LIDDELL, Chairmnn, 

''April 20, myy 
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I. — On the most Profitable Speed for a FvUy Laden Cargo Steamier 
* for a given Voyage, 6j Mb. Jam£s B. Napieb. 



Read December 13, 1865. 



The original title given to this paper, '' The most Profitable Speed for 
Cargo Steamers/* was too extensive, and the present title is perhaps 
still too lai^ for all that I have attempted, which will be better 
understood from the following statement: — 

Having been asked to send that now notable steamer of mine, the 
<< Lancefield/' from Glasgow to Dunkirk with cargoes of pig-iron, to 
bring back sugar, I had to satisfy myself that the voyages would be 
profitable; and if entered upon, I desired that the profit should be the 
greatest that was possible. As I was aware that it would vary in some 
way with the velocity of the vessel, I set to work to find a general 
expression for the law of its variation, and also the velocity, if any, 
which would yield the maximum of profit. The communication this 
evening is the result of the inquiry. 

I have little excuse, however, for bringing it forward, except that it 
is perhaps new; for the solution of the problem, at least in its limited 
state, is too simple to escape any mathematical student whose attention 
is drawn to it. 

As the problem refers to a steamer for a given voyage, the following 
particulars of the vessel, cargo, and voyage are necessary, and supposed 
to be known. I have chosen also the case where the steamer takes 
coals from the port of departure sufficient to bring her back. 

L, the gross load of coals, cargo, and stores, which the vessel can 
carry; 

D, the length of the voyage for which she has taken coals; 

A, a velocity of the loaded ship produced by the burning of a known 

rate of coals; 
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A, the rate at which the coals are burned to produce the velocity A; 

a, the rate of cost of the coals, on board; 

&, the rate of cost of loading and unloading a given cargo; 

c, the rate of cost of the dues on a given cargo; 

e, the rate of commission on the freight carried; 

F, the rate of freight for the outward cargo ; 

G, the rate of freight for the inward cargo ; 

H, the rate of hire, for the vessel and crew's wages; 

J, the time lying in port loading, unloading, &c. ; 

K, all other expenses of the voyage, such as dues on the vessel, 
pilotage, crew's wages, and hire of vessel while in port, &c. ; 

Let y be the velocity sought; 

and X the weight of coals for the voyage, whose length is D;* 
Then, as X varies as Y^, and as h tons are burned at a velocity A, 

^ = the time occupied in steaming the distance D; 

hy^T) 
L Tg— =» weight of the outward cargo ; 

L g = weight of the inward cargo; 

(h V* D\ 
L ^3 — j = amount of the outward freight ; 

(h V* D\ 
L g 1 = amount of the inward freight; 

L (F + G) - (2 F + G) Y^^^ " amount of the freight for the 

whole voyage out and in; 

-— _- V^ = the cost of the coals for the voyage; 
A^ 



^^-TA3-)=2ft^--2^ 
loading and unloading two cargoes; 



(L- -^ + L - .^^3-)= 26 L- -2^ V« = cost of 



c (h -^ V^ j = cost of the dues on one cargo; 

,p(i.-'^v.)..o(l-A|.v.) 

= eL(F + G)x(2F + G)|-?V* 

= c;o8t of conmiissions ; 
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XT T\ 

Y = cost of the hire for vessel, and wages while steaming the 
distance D. 

These are all the items of profit or loss in reference to this particular 
voyage that I know of that would be affected by the speed of the 
vessel; if there are others, they can be added. In reference to the 
quantity H, or the rate of hire for the vessel, &c., it is made up of sums 
for insurance, depreciation, and repairs of the vessel. Although all these 
items vary with the velocity of the vessel, according to laws of their 
own, and ought to enter such an investigation as I am making, I have 
not at present gone so delicately to work ; and in regard to the quantity, 

X, of coals for the voyage, which I have assumed = to — a3~"» ^* *• 

derived irom the practically true statement that the power for a given 
velocity varies as the cube of that velocity. As, however, the power 
itself may be got in various ways, and in some more economically than 
in others, e. </., varying the ratio of expansion in cylinders properly 
constructed; but here, again, I have not gone so delicately to work as 
perhaps I might have done to have made the investigation sufficiently 
general, because, in my own vessel, the primary object of this inquiry, 
the ratio of expansion is at its greatest limit when the vessel is going 
fastest, and I can do nothing more for a slower velocity than shut the 
throttle valve, or keep it open and reduce the boiler pressure; and the 
ordinary cargo steamers are in general so constructed that, although 
they may have the means of working with a greater ratio of expansion, 
they gain nothing by it, and perhaps lose. With this understanding 
as to the means for reducing, if necessary, the speed, the value of X 
given above will be sufficiently near the truth for a practical purpose. 

The profit on the voyage, being the difference between the amount 
received for freight and the expenses incurred in earning it, will 
therefore be 

L(P . G)-(2F . G)A.^,V^-«-*^^-26L + ^-^ D V* 

- cL + iA»v^_eL(F + G) 4 e(2F + G)|gv*-?^? - K; 

= L|(F + G)(l-e)-(2 6 + c)l - |(2 F + G) + 2 a-3 6-2c 

- «(2F + G)}2^3DV2 -^ - K (A); 

and this, divided by the time occupied in making the voyage— viz., 
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:^ + J, — will be the profit in a unit of time, or 

LBV~SDV8-DH-KV 
^^ D + J V ' 

^ (LR-K)V-SDV8-DH 

which is to be a maximum^ 

B being taken for the co-efficient of L in (A), 
S being taken for the co-efficient of D Y^ in (A), 
Q being taken for the profit : 
Therefore 

(D-f JV){LR~K)-8SDV«f -{(LB~K)V-SDVa~i)Hfj ^ 

(D + JV)2 

D(LR + JH -K)- 3D2SV2-2JSDV8 = 0i 

3DJ^ (LB + JH~K ) 
^ "^ 2J ■" 2JS 

a cubic equation which can be easily solved by auy of the ordinary 
processes when the numerical data are supplied. 
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Since last meeting I have thought it desirable to substitute H J + M 
for K, H J being the amount of the crew*s wages and hire of the 
vessel while in port, and M the amount of all the other charges — 
charges which are not dependent on the quantity of cargo — such as 
harbour dues on the tonnage of the vessel, and pilotage, stamps, forms, 
protests, &c., &c. 

The profit will therefore be 

_ (LB~JH-M)V-SDV»~DH ^ 

and the cubic equation giving the most profitable velocity 

^ ^ 2J ^ 2JS -^ ^^^ 

To illustrate the application of these formula?, the following data may 
be assumed for the ^' Lancefield" for the Dunkirk voyage: — 

L = 240 tons; 

I) = 1,428 nautical miles : 



-PrqfUabU 



A = 9^ nautical miles an hoar; 

h = 0*4 tons; 

a = £0*5 per ton ; 

6 = £0-05; 

c r= £0*05 per ton; 

6 = £0-07 per pound; 

F = £0*55 per ton; 

G = £0-7 per ton; 

H = £0*31 per hour; 

J = 168 hours (7 days); 

M=£38; 

Then, B = 1*0125; 

8 = 0-000554 ; and 



^•-|7>^*- 



LB-M 
2 JS 



= V« + 12*75 V« - 1,101 = 0; 



and y the most profitable velocity = 7*4 nautical miles an hour. 
Th9 following table shows the effect that the velocity of the ship has 
on the profits, &a, &c.: — 



V, Velocity of ship nautical miles per hour, 

^«_^. ,. 153 V -•791V' -443^ 

VI, Front per hour = i" 423 + 168 V 


9-4 
0112+ 


7-4 
0138 + 


5-4 
0111- 


2 
X, Coals for the voyage = ^ V«, toDs 


58*9 


36-5 


19-44 


2 ) 
Weight of outward cargo - 240 - 5 V* / 

1 


181-1 


203-6 


220*56 


tons 1 








Profit in 300 dajrs, £ 
The relative powers required to produce') 
the velocity -P oc V, j 


806-4 
2-05 


993*6 
1- 


799-2 
0-39 



As the '' Lancefield " can steam at the rate of about 9^ nautical 
miles an hour, the foregoing results show that a vessel for this trade, of 
about half her power, carrying the same load, would be more profitable. 

At the same time, however, if J, or the time the Vessel is in port 
loading and unloading, &c., can be diminished without increasing the 
cost of the loading and unloading, the most profitable speed will in- 
crease as in the following examples, one of which is the impossible one 
of the vessel being loaded and unloaded in no time: — 



J, or time in porti hours 

The most profitable speed, 



168 

7-4 



144 
7*6 — 



120 

7*8- 



96 

8* — 




9*28 
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It is also apparent from (C) that the more the value of M de- 
creases the more the most profitable velocity increases. To take the 
improbable case of M being equal to nothing, or there being no tonnage 
dues on the vessel, or pilotage, &c., &c., and for J, or the detention in 
port, 96 hours, the most profitable velocity would be 8*6 nautical miles 
an hour. 

These calculations show that in order to make the most profit oat 
of a given amount of capital in steam-ships, they should bo built 
with special reference to the trade in which they are to be employed. 
And as the resistance of water to floating bodies is sufficiently 
well known for the purpose, a skilful architect can, with little trouble, 
design a vessel to carry a given load for a trade of which all the data 
are given as above, which vessel would be more profitable than any 
other of similar construction, but of a difierent velocity, consequently 
of a different size and power: this is what ought to be done; and 
this, I think, is what shipowners ought to desire. 



II.-*77m Lvmiinoaily ofifte Sea, By Messbs. David Bobebtsok and 

William Ksddie. 



Read November 29, 1865. 



The phenomenon of luminosity, or phosphorescence (as it has been 
termed, from a vag^e idea of its being caused by a slow combustion of 
phosphorus), is exhibited by various bodies, inorganic and organic. 
Numerous minerals possess the property of emitting light, a circum- 
stance which appears to have been first noticed by the celebrated 
Benvenuto Cellini, the sculptor, early in the sixteenth century, and 
subsequently by Boyle, Wedgwood, Haiiy, and Brewster, by whom 
the observation has been extended to a great variety of mineral sub- 
stances. Some of the softer woods are known to become luminous 
when in a state of decay ; and a similar appearance is occasionally seen 
in peat-mosses. Many insects, including the familiar instances of the 
glow-worm and the fire-fly, exhibit a high degree of luminosity. Light 
was developed in the body of a molluscan animal, by M. Milne 
Edwards, in ui unexpected manner. On putting some living speci- 
mens of pholas in alcohol, he saw luminous matter oozing out of the 
bodies of the molluscs, which descended through the fluid by its own 
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weight, and extended itself in a stratum of vivid light at the bottom of 
the vessel The phenomenon, as it occurs in the mineral, the vege- 
table, the insect, and the mollusc, is probably due to a different cause; 
and it is far from being certain that the same cause is common to 
luminous insects and luminous marine animals, to which latter the 
phosphorescence of the sea is ascribed, and to which the present 
inquiry will be restricted. 

The cause of the phenomenon is involved in much obscurity. The 
luminosity of the sea has been a subject of interest from early times. 
It is incidentally alluded to by Pliny, who was disposed to ascribe it 
to the action of some kinds of fish. In the writings of Thomas 
Hobbes, which appeared in the middle of the seventeenth century, 
that quaint old philosopher gives the following explanation of "the 
cause of light in the concussion of the sea-water": — **A]so" says he, 
,'* the sea- water shineth when it is either dashed with the strokes of 
oars or when a ship in its course breaks strongly through it; but more 
or less according as the wind blows from different points. The cause 
■whereof may be this, that the particles of salt, though they never shine 
in the salt-pit, where they are but slowly drawn up by the sun, being 
here beaten up into the air in greater quantities and with more force, 
are withal made to turn round, and consequently to shine, though 
weakly. I have, therefore, given a possible cause of this phenomenon." 
At the beginning of the present century. Dr. Hulme published his 
views on the subject in the Philosophical Transactions, referring the 
light to the diffusion in the water of a mucus secreted by certain fishes. 
For a long period the notion prevailed in the popular mind, and Was 
even shared in by some naturalists, that luminosity was a property 
inherent in sea-water. Such is, indeed, still the opinion of many 
sailors and fishermen, who have long been in the habit of prognosti- 
cating storms from brilliant displays of phosphorescence. Hitherto 
the subject had engaged little of the attention of naturalists, and had 
been discussed only in a slight and incidental manner. But about 
half-a-century ago, the late Dr. John MaccuUoch, the geologist, whilst 
prosecuting his survey of the Western Islands of Scq^land, began to 
devote his leisure to the investigation of the sources of luminosity in 
the sea. He made many careful observations and experiments, the 
results of which were given in the second volume of his Description of 
the Western Islands, published in 1819, and afterwards expanded into 
the elaborate article on " Phosphoresence," which appeared in Brewster's 
Encf/dopcedia in 1830. In the latter form the article was probably 
exhaustive of the state of the inquiry as it stood thirty-five years 
since. Later notices have usually been of a casual and incidental 
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description, as before, and have added comparatiTelY little to the general 
results of Macculloch's inqoiries. Before mentioning some observa- 
tions made bj the authors of this paper kst autumn, and for the pur- 
pose of brieflj showing the former and present prog^ress of the 
investigation into this curious subject, the Society will perhaps extend 
its indulgence, first, to a reaume of Macculloch*s results, and, secondly, 
to a few notices of later observations and researches. 

Macculloch showed, in the first place, that the phosphorescence of 
sea^water is a property not belonging to itself, but to substances acci- 
dentally contained in it. Amongst these substances he attached little 
importance to the presence of the decomposing matter of fishes, to 
which many were disposed to ascribe the luminosity of the water. At 
a certain period afler the death of fishes they become luminous, before 
putrefaction commences; nay, this property actually disappears before 
the putrefactive process has set in. During this luminous stage, as 
well as afler it, there is a solution of part of the solid matter of the 
fish, or at least a disintegration of the cellular or muscular fibra For 
some time it retains the phosphorescent quality, provided it was in. 
a phosphorescent condition previously; and in this way a portion of 
the water may be rendered luminous for a short time, merely by agi- 
tating the luminous fish in it, — a circumstance explaining the theory 
of Hiilme, which had led to the belief that the luminous appearance of 
sea-water was occasioned by the presence of putrescent matter. In 
this case, however, there is no putrescence, in the ordinary sense ; 
besides, the light is very transitory, and rapidly disappears. Dr. 
Macculloch often succeeded in obtaining water, thus turbid and 
abounding in fibrous matter, which was utterly dark or incapable 
of phosphorescence, unless the water contained living animals, and 
then it was invariably luminous. There is no reason to doubt that in 
certain circumstances the water of the sea may be rendered luminous 
by dead phosphorescent matter diffused through it, whether proceeding 
firom dead fishes, or occasionally from the bodies of living ones. But 
the quantity of such matter must always be limited, and cannot be 
diffused far from its source; and although a certain degree of lumino- 
sity may be due to this cause, it is inadequate to accomit for the uni- 
versality of the phenomenon, when the entire surface of the water is 
seen flashing into light. Distinguishing the light into three kinds, 
— namely, first, a pale and feeble whitish light; secondly, wide flashes 
resembling a particular kind of lightning; and thirdly, brilliant sparks 
of different sizes and colours, — the author affirms that it is only the 
first of these, or the faint diffused light, which is caused by dead 
matter, although not exclusively, since numerous observations prove 
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that a similar effect is produced by the presence of minute animals. 
The writer's conclusion on this part of the inquiry is, in effect, that 
the degree of phosphorescence produced by dead animal matter is so 
inconsiderable that it need scarcely enter as an element into the 
estimation of the causes of the luminous appearance. 

It had been confidently aflirmed by many observers that they had 
witnessed both the general diffused light and the sparkling appearance 
in sea-water where no animals were present The author proves this 
assertion to be a result of erroneous observation, or a mistake of n^li- 
gence or ignorance. His own experiments established the fact of the 
phosphorescence being invariably caused by the presence of animals, 
mostly so minute as to be discernible only by the microscope, and 
many of them so transparent as readily to escape detection by an 
inexpert observer. Amongst the sources of error pointed out by the 
writer, he mentions that luminous animals themselves contrive to 
deceive the observer. There is no doubt, he remarks, that the light is 
under the command of the animals, and is from this and other causes 
liable to intermissions; and he adds a fact well known to every 
observer, that whether from caprice, or fatigue, or a voluntary effort, or 
from some other cause yet unknown, they often refuse to show their light 
even when violently agitated. In the course of our nocturnal opera- 
tions with the surface and dip-net, we have ourselves taken millions of 
microscopical entomostraca, and other animals invisible to the naked 
eye, the entrance of which into the net was accompanied by a constant 
blaze of the most brilliant phosphorescence; and although the aggre- 
gate was so enormous as to become as palpable as a quantity of sand, 
it was rarelv found that more than a few faint scintillations were 
produced by agitating the water in which they were preserved for 
inspection. 

When Dr. MaccuUoch made his observations, naturalists had scarcely 
begun to examine the smaller marine animals, and out of 200 species 
detected by him in six summer weeks on the western shores, two-thirds 
were undescribed species. Much has been done since his time to 
remove this opprobrium from marine zoology, which, with the facilities 
afforded by improvements in the microscope, has made rapid advances 
within the last few years; and the progress of investigation tends to 
confirm the general conclusion at which Macculloch arrived, that the 
property of phosphorescence, so far from being, as was at one time 
supposed, confined to a few worms and medusas, extends, in all prob- 
ability, to all the inhabitants of the ocean. The power of emitting 
light would appear, however, not to be possessed by marine animals 
in proportion to their magnitude; for it is established by observation 
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that the greatest bnlliancj is produced by the united action of 
creatures of microscopical minuteness dispersed throughout the ocean 
in inconceivable profusion. Macculloch imagined that the end to 
which the phenomenon is subservient in the economy of marine life 
was '' mutual communication.*^ ^ As far as the wants of these animals 
are concerned,** he remarks, "^ this light is a substitute for that of the 
sun ; and as their g^reat and hourly wants are mutual self-preservation, 
or alternately prey or defence, so by these lights they are guided to 
each other for attack, while by their power of obscuring them, they 
are furnished with the means of resisting it.** This ingenious fancy 
overlooks the circumstance of the phosphorescence varying with the 
seasons, being chiefly remarkable in autumn. It is even then by no 
means constant, but, on the contrary, fluctuating and temporary; and 
in some seasons, as in the dead of winter, is seldom or never percep- 
tible on our shores. So long as we remain in ignorance of the efficient 
cause of the phenomenon, it seems at least premature to speculate on a 
final cause. 

The phenomenon of luminosity is peculiar to no sea, being observed 
in the frozen ocean of either pole, in the tropics, and in the Atlantic 
and Pacific. Many of the animals by which it is produced must 
therefore be independent of climate. Mr. Gosse mentions that the 
most brilliant display of luminosity he ever witnessed was in the Gulf 
of Mexico, where the mass of water rolled from the ship*s bows as 
white as milk, studded with innumerable sparkles of blue light, which 
he ascribes to different species of living animals, giving rise to varia- 
tions in its aspect. In a voyage to India, Dr. Baird observed two 
kinds of light, — one produced fitfully by the darting of a cyclops 
through the water, and bright luminous globes caused by medusae. 
The scintillations of light he traced to minute entomostraca. On the 
other hand. Professor Ehrenberg, of Berlin, mentions many animals 
which he found to be luminous in the Ked Sea: but he could not detect 
the slightest light from any species of the entomostraca. Small 
medusae were found to contribute to the general effect. It will 
appear from the subsequent statement that, for many weeks together 
during last autumn, the luminosity on the shores of Cumbrae was 
caused almost exclusively by species of entomostraca. The late Edward 
Forbes referred the phosphorescence chiefly to the presence of medusae. 
These are generally autumnal animals, occurring occasionally in vast 
numbers on the coast, and exhibiting in a marked manner the 
luminous property. But during last autumn, with the exception of one 
of the larger species {pyamaa Lama/rekii), which was often stranded on 
the Cumbrae ahcaes in blowy weather, the number of medusse, of all 
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sizes, was notably small, and the phosphorescence must therefore have 
been only in a very inferior degree occasioned by the presence of these 
animals. Amongst incalculable swarms of entomostraca, a patient 
examination with the microscope led to the detection of only a very 
few of the smaller medusae. 

A note on phosphorescence in some annelides and ophiursB (brittle 
stars), from the pen of M. de Quatrefages, appeared in the Annodea des 
Sciences NatureUee, in 1843, containing a variety of careful observations 
made on the shores of the British channel. In the open sea he found 
the light to be limited to occasional but vivid scintillations, occasioned 
by the stroke of an oar or the bow of a boat, when the sparkles were 
extinguished as suddenly as they had been produced. But in some 
circumstances he found the fucus bordering the shore to present the 
appearance of a sheet of incandescence. In order to bring this singular 
spectacle into play, it was sufficient to agitate strongly some of the 
fronds which had been for a short time left uncovered by the sea, when 
the entire surface seemed to glow under his hand. The animals which 
emitted this light were observed to be chiefly annelides, but small 
ophiurae were equally brilliant He also satisfied himself that some 
microscopical entomostraca possess the faculty of becoming momentarily 
luminous ; and to these, above all, was he disposed to attribute the 
bright sparkling appearance which he had witnessed on several parts 
of the coast: at least, in examining, with the greatest care, a quantity 
of water taken from one of these locaUties, and which continued to 
give scintillations in the vessel, he never detected any other animal 
but microscopical entomostraca. The observations described by the 
author, however, relate, in the first place, to small species of Nereis, 
and also to worms of the genera Syllis and Polynoo. One of the 
annelides was found in the test of a balanus, and was about twelve lines 
long, and scarcely a fourth part of a line in diameter. Its feet were 
numerous, and arranged closely together. When he touched it acci- 
dentally, it began to move with rapidity, and at the same time became 
luminous to such a degree as to be clearly perceptible in the bright shin- 
ing of a lamp, the light emitted from the body of the annelide being 
of a strongly-marked greenish tint; When placed in the dark, the 
animal appeared to be luminous in all its length ; but on being examined 
with a power of five or six diameters, the light was seen to break up 
into points forming two parallel lines along the length of the body, and 
corresponding to the feet of the annelide. These luminous points were 
very brilliant, and seemed to move ; they disappeared when the animal 
was in a state of repose, and shone anew when the animal was excited 
into activity. The author was led to the conclusion, after numerous 
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experiments, that among certain annelides the motor muscles of the 
feet are the exclusive seat of the phosphorescence ; the appearance of 
the light coincides invariahly with the contraction of the muscle, and 
invariably disappears with it. Among these animals, he adds, light is 
produced bj scintillations, independently of anj material secretion. 
This phenomenon resembles nothing which is observed amongst insects, 
where the luminous organ, distinctly marked, seems almost entirely 
formed of a network of small trachese ; where the light has a remark- 
able fixity; where the phosphorescent matter may be collected after 
the death of the animal, and preserves its properties after it has be^i 
isolated. The phosphorescence of the annelides bears no resemblance 
whatever to that of the pholades, the medusae, &c, since, in the case 
of the latter animals, it depends on the presence of mucus, which may 
be collected in considerable quantities. The same remarks apply to 
the ophiurse. The arms of these creatures are composed of little 
calcareous pieces articulated the one to the end of the other, like the 
vertebrae in the tail of a lizard. The living matter which they cover 
is not merely a homogeneous substance, an animal pulp, as some 
authors have described it; for diverse tegumentary layers are dis- 
tinguished in it ; and the solid pieces are jointed by true mtlscular 
bands, the fibres of which are perceptible under the microscope. It is 
upon these points alone that the phosphorescence is manifested; it 
appears upon them in scintillations ; the striae which it seems to form 
are in the same direction as the fibres ; it only appears when the arm 
is in motion ; when the animal is at rest, no trace of luminosity is 
distinguishable, even when the parts are irritated. It thus appears 
that in the case of the ophiurae, as in the annelide, the light is produced 
upon the muscular parts during contractions only, beyond the contact of 
the air, and independent of all secretion properly so called. Repeated 
action soon diminished the intensity of the light, which ultimately 
was extinguished, showing that its production fatigued the animal, and 
speedily induced exhaustion. Quatrefages is inclined to the belief, but 
apparently without adequate facts to support him, that the flashes of 
light in these instances are of the nature of electrical discharges. The 
methods adopted by this observer, however, indicate the kind of 
experimental researches fitted to remove much of the obscurity still 
resting upon a subject which he regrets has been too much neglected 
by naturalists. 

In prosecuting the study of marine invertebrate animals, it is neces- 
sary to resort to many different appliances. Of these the dredge is the 
most efficient ; but some of its auxiliaries, although they may appear 
trifling in themselves, may still have important bearings on the 
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significance of the results. The late Professor Edward Forbes, when 
dredging in Lochfyne, met with many dead shells of Pecten Danicus, 
and scarcely any living specimens. Hence he inferred that the animal 
was lingering on its northern limits, and exhibiting the rarity which 
precedes extinction in the waters of our shores. The same inference 
has been lately employed by an able writer in support of some 
theoretical views on the glacial epoch. Now, it has been found by Mr. 
Robertson that, by using another appliance than the ordinary dredge, 
himdreds of living specimens could be taken at a time in the same 
loch. This was accomplished by the simple expedient of extending a 
net over the bottom inhabited by them, and which they clasp by the 
meshes, and are thus readily secured. Sometimes valuable specimens 
of different kinds of animals are brought up entangled or hooked on the 
fisherman's long line, from rocky or stony ground, where no net or 
dredge could possibly be wrought. Other classes of animals live under 
the shelter of stones extending far beyond tide-mark, and out of the 
reach of any method of capture which has yet been devised ; yet many 
even of these may be taken by means of another auxiliary to the dredge 
— namely, the stomachs of fishes, to which naturalists are often indebted 
for som^ of their rarest specimens. Apart irom the methods of explor- 
ing the depths of the sea, the upper currents are examined by means of 
the sur&oe-net, carefuUy constructed so as to retain the smallest 
animaLs floating in the water. This instrument was assiduously em- 
ployed by us last autumn, and, perhaps for the first time, in making 
systematic observations afler sunset, when the sea was in a state of 
phosphorescence. By comparing the produce of the net during the day 
and at night, we found that after sunset it was doubled or quadrupled 
both in number and variety. This was the constant result, day afber 
day, and night afber night, of working over the same course, embracing 
a considerable extent of the shores of Cumbrae. From the many trials 
we made, we are warranted in estimating the presence of microscopical 
and other smaU animals near the surface of the water to be at its 
minimum in the morning, at its medium or average in the afternoon, 
and at its maximum after sunset. There was a remarkable recurrence 
of the same species at the same periods of observation on successive 
days and nights, although this was not without exceptions. The 
gathering of one night generally contained all the species of the previous 
night ; but on repeated occasions different species presented themselves 
in great numbers, more especially larval forms. On one evening in the 
month of August the gathering contained myriads of young crabs, very 
minute in size, and exhibiting one of the curious stages of their meta- 
morphosis. Subsequently these became so rare that scarcely half-a- 
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dozen specimens occurred in a gathering. It appears, therefore, that 
many of the minutest inhahitants of the deep seek the surface at night- 
fall. Nor is this hahit peculiar to animals affecting any peculiar habitat. 
Many of them are recognized as coming to the surface from bottoms of 
different depths, and of substances varying from the purest sand to the 
finest mud. It is interesting to observe how many of the small worms 
wriggle up to the surface, and contribute to the luminosity of the water ; 
their presence being the more surprising, that they ascend from a depth 
of twenty or even fifty fathoms, and after being tossed all night by 
wind and tide, return to their dwellings at the bottom of the sea. 

Although the animals captured in the surface-net include members 
of most families of the marine invertebrate fauna, it is the small 
cntomostraca that swell the numbers, and, small as they are, the bulk 
also, of the creatures caught near the surface of the water at night ; 
and by far the most abundant which came within the sphere of our 
observation belonged to the family Diaptomidce, and the species Temora 
Finmarchica. This animal we invariably found during the day, as well 
as at night, although it prevailed chiefly after sunset ; and by depressing 
the net, it was also taken at a depth of several feet under the surface. 
Under the shade of night, the rush of these animals into the distended 
net, held over the side or the stern of the boat, as it was slowly pro- 
pelled through the water, was always accompanied by a vivid display of 
luminosity, which could never be witnessed without feelings of wonder 
and admiration. Such a spectacle we enjoyed one night in September, 
from sunset to sunrise ; and then the capture was enormous, — far 
exceeding, in all probability, the number of the entire human family.* 

The phosphorescence was observed to be remarkably persistent from 
the month of June till the end of September, with little difference in 
its apparent intensity, except what might be accounted for by darker or 
lighter nights. The degree of intensity varied in different places, at no 
great distance from each other, on the same night. This was very 
observable one night in September, when Mr. Kobertson and his family 
circumnavigated the island of Bute, and especially in saiHng through 
the Kyles. As a general rule, in calm weather, the luminosity is greater 
near the shore than at a distance from it. Occasionally, on a windy 
night, the whole expanse of the sea appears luminous, and every wave 
flashes with light as it breaks upon the shore. We may reasonably 
conclude, from the paucity of the smaller medusae during the late season, 

* It has been suggested that if every member of the human race had 
been occupied on the same night in the same way as ourselves, they 
would have produced no perceptible diminution in the microscopic life of the 
ocean. 
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that thej play only an occasional and even a secondary part in the pro- 
duction of phosphorescence. 

We satisfied ourselves that the luminosity of the individual is not 
continuous, hut results from concussion or irritation, as when the water 
is struck, or the animals are agitated. In such circumstances small 
bead-like sparks ofben fell from the net, and shone for a second or two, 
disappearing with the exciting cause. All our observations on individual 
animals, or aggregates of them, showed that luminosity diminished in 
intensity after the first action, tiU at length it could scarcely be excited 
by any amount of agitation. The appearance of continuity in the 
light (apart from its own diffusiveness), caused by bodies moving in the 
water, is due in a considerable degree to the effect of the persistency of 
the image on the retina. The effect was always modified by the greater 
or less rapidity with which the net was dragged through the water. 

There was no evidence that the light proceeded in any degree from 
the presence of dead animal matter. The occurrence of small dead 
marine animals on the surface of the sea is comparatively rare ; and 
supposing such matter to be luminous, its effect would be quite imper- 
ceptible. It may be questioned, however, whether matter exuded from 
the bodies of the more common of the luminous animals may not con- 
tribute to the general effect ; because diffused and lively phosphorescence 
could be produced by passing the finger along the surface of the muslin 
net, after the animals seemed to have been washed out of it ; or may 
this effect have been due to the presence of other animalcules, which 
could not be detected even by the aid of the microscope ? 

All marine animals are probably endowed, in a certain degree, with 
the power of emitting light ; the smaller animals exhibiting the pro- 
perty more than the larger tenants of the deep. Thus the phenomenon 
may be produced in different parts of the ocean by different animals, 
which will account for the contrariety of some of the observations of 
authors previously cited. But -as a general result of our observations 
last autumn, we are satisfied that by far the greatest amoimt of the 
phosphorescence witnessed in that part of the estuary of the Clyde 
where we conducted our nocturnal researches was produced by two 
members of the family Diaptomidce, namely, Temora FiriTna/rchica and 
Anomalocera PcUersonii ; and one member of the allied family CetO' 
chilidcBy namely, CetochUv^ aeptentrionalis. 

It is remarkable that, so far as can be inferred from observations 
made on species of entomostraca inhabiting fresh water, in ponds and 
rivers, these animals seem to be destitute of the power of producing 
luminosity. This is an aspect of the subject deserving of special in- 
vestigation. 
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Db. Bbyce desiderated further investigation into the cause of the 
phosphorescence, and thought that the opinion of Quatrefages as to its 
heing of the nature of electricity, pointed in a direction where the true 
cause might yet he found. 

Db. Thomas Akdebsok considered the paper to he peculiarly fitted 
for our Society, hy its not only giving the results of ohservations, hut 
hy furnishing information as to the previous state of the inquiry, so as 
to enahle them to form a judgment of these results. We are still left 
in the dark as to the emission of phosphorescence hy marine animals; 
and we are too apt to take refuge in electricity, when in many 
instances luminosity is due to causes with which electricity has 
nothing to do. There are, for instancy some hodies which have the 
faculty of taking in light when exposed to the sun's rays, and of giving 
it off again when placed in the dark. The subject is one of great 
difficulty ; and much research is required before we can hope to reach 
a satisfactory conclusion as to the cause of the phenomenon. There 
are other aspects of the sea, such as the red colour seen in particular 
tracts of the ocean, caused by the presence of multitudes of minute 
animals, which have yet to be investigated. The whole subject of 
jQQarine life is one of g^at extent and interest, and, although sur- 
rounded with difficulty, holds out powerful attractions to the observer. 

Mb Habt mentioned, as illustrating the depth to which luminosity 
descends, that he had often seen the light extending along the entire 
length of a rope attached to a boat, from the surface of the water to 
the anchor at the bottom, the light being excited by the vibration of 
the rope. 

Mb. J. K. Napieb and Mb. E. Himx referred to different appear- 
ances assumed by the phosphorescence in peculiar circumstances. 

Db. Machattie and Mb. Mateb were disposed to attribute 
luminosity to frictional electricity and chemical action upon decaying 
animal matter. 



III. — On PetTolmm, By Pbofessob Hekby D. Rogebs, LL.D., F.RS. 



Commanicated fit>m BoBton, MassachasettB, Unitad States, 16th November, and read 

to the Society, 13th December, 1865. 



. I FBOFOSE to lay before the Society a synopsis of the leading facts 
. and scientific views I have been able to arrive at concerning the 

mineral oil, petroleum, and its accompaniments, afber not a little 

systematic and patient study of them. 
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D^nitians, — Petroleum, using the term in its popular sense, means 
almost any kind of native rock oil, or so-called mineral oil. It is not 
a body of very definite chemical constitution, but consists mainly 
of the two well-known ultimate elements, hydrogen and carbon, 
united in proportions varying from Cjg Hgo to Cgg Hgg, and having 
commonly associated with these a minute amount of oxygen and 
nitrogen. The name, therefore, applies properly to a whole group of 
liquid, inflammable hydrocarbons, containing some of the gaseous and 
some of the solid hydrocarbons in solution. Petroleums are, in fact, 
bitumens possessing more or less of the volatile na/phUios, and of the 
partially fixed semi-solid asphalts, or mineral tars. In its natural 
condition petroleum is usually a dark-brownish liquid, not pleasant to 
the sight, and even repulsive to the smell and touch. In its diverse 
forms it varies in colour from the tint of dark amber, through lights 
green to dark olive-green, and even to a hue almost black ; and again, 
it graduates, in what we may call its mechanical texture, from the 
freest liquidity to a semi-pasty thickness. Owing to all these 
diversities, it possesses a very remarkable range of useful chemical and 
mechanical attributes. When " refined " or distilled, it is a beautiful, 
transparent, illuminating oil. Some of its very volatile products, rich* 
in hydrogen, are very heat-engendering, while others, more abounding 
in carbon, are highly light-giving. While in some conditions it is 
especially suited for the manufacture of illuminating gas, certain of 
its products, on the other hand, afford the dyer or colourist agents for 
the production of a number of the most attractive tints that can 
fascinate the human eye. Indeed, through the refinements of chemical 
skill, there would seem to be almost no limit to the colour-imparting 
capacities of the wonderful distillates of petroleum. Another very 
valuable attribute of this substance, under those forms which are 
viscid and semi-unctuous, is its power as an efficient lubricator of 
machinery. Indeed, certain kinds are to be regarded as so much 
pure native or mineral grease, rivalling or surpassing most of the finest 
vegetable and animal oils and fats in their capacity for lessening 
friction. All these natural hydrocarbons agree in the one attribute 
of being more or less combustible, and some of them are very highly 
so. The vapours of the more volatile of these oils are, when mixed 
with certain proportions of atmospheric air, dangerously explosible ; but 
the heavier mineral oils are less ready to emit any vapours, and those 
they do evolve will not catch fire nor engender explosive mixtures. 

The constituent hydrocarbons in petroleum take on the gaseous or 
vaporous condition at very diverse temperatures. One very volatile 
product boiU at 90** Fahr,; another at 9r Fahr.; a third at 0^^ 
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Fahr^ <&c.; but these are now known to be mixtora of two or more 
volatile hydrocarbons. The most volatile of all cannot be kept liquid 
but at a temperature below the freezing point of water, 32° Fahr. 
The most fixed of the hydrocarbons — the solid crystalline substance, 
paraffine — on the contrary, does not melt until it is warmed up to the 
temperature of ll(f Fahr. 

The specific gravity of the very volatile distilled oils is lighter than 
that of ether, while that of the solid paraffine is 0*870. Measured by 
hydrometer, the specific gravities of the petroleums as a group vary 
from 55°, the lightest, to 25°, or even to 20°, the heaviest. 

Distribuiion of Petroleuim in Depik. — Multiplied observations, ex- 
tending over all the oil region including Western Pennsylvania, 
Western Virginia, South-eastern Ohio, and Eastern Kentucky, lead to 
the following interesting generalizaticHQS respecting distribution of the 
several kinds of petroleum, in the important element of rdative depth : — 
As a rule, the lighter, more volatile, occur at greater depths than the 
denser and less evaporable. Another &ct, attributable perhi^ to 
the same cause, is, that these lighter oils evince more inclination than 
the denser ones to spontaneous flow from the strata whence they rise. 
'Hence those '' oil wells" which are shallow are in the main '' pumping 
wells;** while— and it is a fortunate state of things — ^those which are 
deep are either self-gushing outflows, or, if not actually "flowing 
wells,** are so nearly such as much to facilitate the pumping process. 

At a first glance at the facts now stated — namely, that the deeper- 
seated petroleums are the lightest, most volatile, and most addicted to 
spontaneous flowing, and the denser ones not so outpouring — the 
uninitiated inquirer may feel perplexed for a rational cause; but the 
difficulty disappears so soon as he reflects upon the very different 
conditions to which the two kinds of petroleum are subjected within 
the rocky strata, the interstices, pores, and crevices of which thej 
partially fill. It is an admitted general fact, that the rocky crust of 
our earth everywhere grows warmer irvuxurds^ at the rapid rate of 
about 1° Fahr. for each 55 or 60 feet after we pass the very shallow 
depth of some 70 feet, beneath which the sun's seasonal influence is 
imperceptiUe. Equally obvious must be this other fact, that all the 
deeper-seated vaporizable materials, such ab the easily evaporated lighter 
petroleums, the ether-like mineral naphthas, and the gaseous hydro- 
carbons evolvable from these, must, without exception, exist in the lower 
warmer strata in conditions of very high elastic tension, or aptitude to 
expand. These compressed deeper-seated materials are also under a closer 
imprisonment than the more superficial ones, firom the greater pressure 
of the incumbent very weighty strata resting over them. From both 
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sources, the higher heat and the greater pressure, they are in a state 
of far more compression than the heavier petroleums, already refined 
and distilled upward into the cooler and less-pressed-upon rocks 
nearer the surface. Thus we see why these upper heavier petroleums 
are what they are; — they were permitted, long ago, to part with 
nearly all their elastic gases and their readily vaporized lighter oils. 
In other words, the surface oils have long since gone through the 
sort of distillation which is even now in progress in the deeper, warmor 
repositories of the great bitumen brewery. To carry on my simile, 
the malt of the brewery has in the upper cooler strata altogether 
ceased its naphtha and gas-making fermentation; whereas, lower down, 
where the vats are warmer, the fermentation is in full activity. To 
this difference in the circumstances we may attribute, I think, the 
contrasts between the two classes of petroleum wells, — those which 
show energetic chemical and mechanical phenomena, such as copious 
spontaneous outflowing of the oil, with vehement and noisy blowings 
of the pent-up gases, and those, on the other hand, which display a 
sluggishness demanding the aid of incessant pumping. 

Returning firom this short speculative excur8ion,^-explanatory, I 
think, of the facts above given, and of others yet to be narrated, — I 
proceed to sundry other statements which will be found to be more or 
less intimately connected with the very important question of the 
steadiness and fniiwre dwrahUUy of supply of the mineral oils west of 
the Appalachian mountains of the United States. 

Oeneral Limits, Geographically ^ of the United States Oil Regions, — 
All the districts where petroleum has hitherto been developed in any 
practically important abundance are situated to the north-west of the 
Gbeat Appalachian Mountains. Indeed, no rock oil in notable quantity 
has yet been discovered anywhere to the south-east of these familiarly 
called Alleghanies. 

The metropolis, if I may so speak, of the petroleum countries of 
the west, is an oblong tract in North-west Pennsylvania, following 
somewhat the g^eral direction of the Alleghany Biver, and including 
portions of M'Kean, Warren, Forest, Venango, Crawford, Mercer, 
Lawrence, Butler, and Armstrong counties; but by far the most 
productive tract of this district is an area ranging from the centre 
of Warren to the Western side of Venango, embracing the Alleghany 
Biver and its Northern and Southern tributaries. The valley of Oil 
Creek, and those of the streams adjacent, may be termed the strong- 
h(^d, BO far as we yet know, of the petroleum of North America. In 
the State of Oltio petroleum has been found, and in some localities 
copiously, in the counties Noble, Adams, Franklin, Medina, Lorain, 
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Cayahoga, Trumbull, and Mahoning. In Western Virginia it occurs 
within the coal region in a long belt of country stretching from Tyler 
County to the Great Kenawha River at Charleston, over a mean breadth 
of about 30 miles, and a length of not less than 80 miles. Indications 
of it, implying some abundance, are likewise extensively met with in 
Eastern Kentucky, the most promising being perhaps in the valley of 
the Sandy Iliver and its feeders. Petroleum is found in some districts 
in Western New York ; also in Western Canada, in the valley of the 
Thames, near Delaware village; and it has been discovered iu 
Michigan, Indiana, Missoiui, and Tennessee. An inspection of my 
geological map of North America, contributed to Johnston's Physical 
Atlas, will indicate that the petroleum-bearing strata east of the 
Mississippi underlie a geographical area of more than 200,000 square 
miles; but^ as I shall show in this or a future essay, we must not 
therefore infer that the chemical and physical conditions are every- 
where throughout this wide territory conducive to the economical 
production of rock oil and its associates. 

Classification of the Mineral Oils of Western Pennsylvania, and 
(he DeptJis at which they are readied, 

1. Very LigJU Oils, — These petroleums yield the minimum amount 
of kerosene, or illuminating oil, and are therefore of least commercial 
value. They are produced copiously, and in some localities very 
profusely, on Oil Creek and Pithole Creek, in Venango, and other 
adjacent districts in Western Pennsylvania; also, in the "flowing 
wells" of Western Virginia. The depth of the wells yielding these 
" light oils " is usually from 500 to 800 feet. 

2. Medium Oils. — Bich or productive in illuminating oil, and there- 
fore much valued for such. They range in specific gravity, as measured 
by Baume's hydrometer, from 32° to 40°. In Western Pennsylvania 
their most noted localities are certain wells on French Creek and its 
tributaries, and along the Alleghany Iliver from Tionista, down even 
as far as Freeport, including sundry places in the vicinity of Franklin. 
A good amber-coloured medium oil occurs on Clarion Creek^ one of 
the tributaries of the Alleghany Kiver. 

The depUi of the medium oil wells is commonly between 350 and 
500 feet. 

3. Lubricating Oils. — ^These denser oils, having a prevailing specific 
gravity .of 25° Baume, or a little lighter, are no longer termed 
" lubricating^' when the specific gravity passes 32°; for then, as I have 
just noted, the petroleum is a medium or keroseue-producing oil, or 
No. 2 of our list 
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The general depth of the lubricating oil wells, called familiarly the 
*^ shcUUfw tvells,'* ranges from about 100 to 350 feet, passing below 
which the well will tend to produce a portion of "medium oil." 
This lubricating oil is a more or less thick and distinctly greasy 
variety of petroleum, often admirably well adapted in its natural or 
unprepared condition for greasing the moving surfaces of machinery. 
It is proper here to remark, however, that both of the other two 
kinds, Nos. 1 and 2, will yield, under suitable chemical treatment, 
an unctuous lubricating oil well fitted for reducing friction. 

The best-known Pennsylvanian localities for the heavy lubricating 
oil are some wells on the Alleghany River; about Franklin similar 
wells are common, and are said to be copious in this oil, on French Creek 
and its branches, especially Sugar Creek. This variety of oil occurs 
also in Western Virginia, in the counties of Wist, Roane, Ritchie, and 
Pleasants. The wells north of the Baltimore and Ohio Railway yield 
chiefly the heavy lubricating oil, and the oil from one well there has 
the consistency of ** soft soap." In Ohio, also, these lubricating oils 
abound, especially in the "Mecca district," now a noted place for 
them. 

The Geological Relations of the above-described three kinds of 
petroleum now demand a passing mention. 

In the Oil Creek district of North-west Pennsylvania, the augur or 
chisel used in making the ** Artesian borings " in search of petroleum 
generally encounters the **Jir8t sandstone'^ at a depth below the 
"superficial drift" of from 100 to 250 feet. This first sandstone 
itself has commonlv a thickness of 40 or 50 feet. Beneath it a&:ain 
the instrument cuts through a mass of loosely united clayey rock or 
" slude^'* varying in thickness between 100 and 150 feet. It is just 
below the bottom of the sandstone, or in the upper part of this shale, 
that the borer generally develops the first intimations of the heavier 
or lubricating oils. Hence the usual shallowness here of the weUs 
supplying this variety of petroleum. 

2. The second sandstone underlies immediately the above-named 
shale, whose thickness of 100 or 150 feet separates the two sandstones. 
Thus the prevailing depth of the upper surface of the second sandstone 
Ib commonly between 240 and 450 feet, the sums of the thicknesses of 
the strata penetrated. 

This second sandstone itself usually equals the first sandstone in 
its thickness, or is 40 or 50 feet. By a curious coincidence, there 
underlies this second sandstone a second shale, identical in thickness 
with the first shale, or varying in its diameter from less than 100 to 
150 feet. 
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Now, it is a fact general througboat thia oil district, that the 
medium, or iUaminating petroleum, or the yarietj No. 2, first appears 
in the second sandstone, but more commonly and copionslj in the 
shales directly nnder it. 

3. A third sandsUme is next reached, jxist at the bottom of the 
second shale; and this third arenaceous bed has a thickness in some 
places of 30, in other of 60, feet. To preserre this alternation of 
sandy and shaly or clayey rocks, there comes next a third mass of 
shale, directly underneath the third sandstone, but somewhat Tariable 
boUi in its composition and its dimensions. 

Precisely as in the instances of the heavy medium oils, or varieties 
Nos. 3 and 2, the light oil. No. 1, is usually encountered upon 
penetrating the sandstone — ^here, sandstone No. 3 — or else the mass of 
shale or clayey material which directly underlies it 

It is a general fact, too, that the productiveness of the todls is least 
with the shallow ones, greatest with the dewiest, and intermediate in 
degree with those which are of intermediate proftuidity. In a wider 
sense, the nearer any oil well in its locality and depth approaches the 
conditions of a ^^ flawing wdl^ the more productive, transiently at 
least, it iB likely to prove. 

It will be seen, by adding together the above-noted depths, that the 
total thickness of the body of strata perforated for the petroleums in 
Western Pennsylvania is not more, on an average, than about 550 feet. 
How inconsiderable a cover to so much mineral wealth, especially 
when we reflect that in two stages of its thickness this cover itself 
contains an important portion of the accessible oily riches underneath 
the soil! In some uistances, but not in very many, the oil-yielding 
borings exceed 700 feet in depth. 

Individual Peculiarities and Irregularities in the Western Oil Wells, 

Some wells pump very little oil, but oil alone. Some very little oil, 
with much water, and the water salt. 

Some wells, again, pump oil for only a few hours per diem, either as 
oil alone, or oil with water; and these producing hours are sometimes 
at irregular interrupted intervals; but at other times the ''pumping 
period" is one particular time in the twenty-four hours. 

Other wells supply oil — either oil alone, or oil with water — ^uninter- 
ruptedly day and night, with an unvarying rate of yield. 

Some wells admit of suspension of pumping at nights or on 
Sundays without detriment; while others require a continuous and 
active pumping to keep down the water. 
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Many wells exhibit no disposition to any ** spontaneous blowing " of 
the oil, and onlj yield it when pumped; while others, on the contrary, 
require no pumping whatever, but give forth, or '' flow *' the oil con- 
tinuously. This outflow varies, between dijQTerent weUs and in the 
same wells, from a mere feeble dribbling to a gushing out of a 
column, often 2 inches in diameter, with prodigious force. It is an 
interesting and not uncommon fact, but one easily accounted for 
when we consider the conditions under which the petroleum and the 
gases are diffused within the strata, that the mineral oil is not always 
got at once, many of the best weUs requiring to be pumped for days 
and weeks before they b^in to flow. 

Besides the two main classes of wells — ^the pumping and the 
spontaneously flowing ones — there is still a third class, — those which are 
a little disposed to flow, or that may be said to be just on the point of 
spontaneous emission — which are materially assisted by pumping — the 
effect of which is partly to lift the water and oil, and partly to 
produce an agitation that helps to dislodge the vapour of the oil, and 
thus assist in lifting the column by the upward pressure of the bubbles 
of buoyant gas. 

Some wells, curiously enough, flow much oil and water, and very 
little gas; others very little oil and water, and a great amount of gas; 
indeed, there are those which discharge gas only, and are therefore 
fiuniliarly called the *' dry^bloujers" 

So copious is this outflow of the inflammable hydrocarbon gas from 
many of the Artesian weUs — sunk formerly only in quest of "salt 
water,'* and now more recently in search of petroleum — that inventive 
superintendents have not unfrequently turned this easily managed 
combustible under their "salt pans," or the boilers of their steam 
engines, and converted it into a most efficient fuel. The first, or one 
of the flrst, successful applications of native gas to this use was 
achieved some twenty-five years ago at one of the salt weUs in 
Western Virginia, near Saltville, on the Kenawha, where the abun- 
dantly out-flowing gas was diverted into flues, and made to bum 
underneath long rows or banks of the large hemispherical brine basins, 
or evaporating " salt pans." In the Pennsylvanian petroleum region 
the first similar utilization of the gas from the salt wells was ac- 
complished by the superintendent of the *' Lady*s Well," sunk in 1861. 
Since then there have been, or are still active, some seven or eight oil 
welb, scattered somewhat widely, which are noted for thus using their 
own gas as fuel for propelling their pumping steam engines. On Oil 
Creek one of the "Hatch WeUs" has been yielding gas enough to 
supply eight engines; and one of the borings at Economy WeUs, near 



56 Philosophical Society of Glas*jow, 

Tideoutey Upper Alleghany River, has, though it is only 145 feet 
deep, been producing, besides a fair amount of oil, enough of gas to 
keep two engines running. 

In the midst of this Western oil region there are many Artesian 
borings which yield no oil at all, but which discharge an abundance 
of water, propelled upward by the gas ; and this water is commonly 
very salt, containing from five to ten per cent, of pure table salt. 

Irregularities, — There Ls as striking a diversity in the oil wells in 

their regularity of yield as in their respective total productiveness. 

Some of them flow steadily day and night, with little or no variation ; 

while others suspend their flow for a part of the day, and resume it 

for a definite interval. Some will be tranquil for a few hours, or a part 

of an hour, and then flow for minutes or hours, and will maintain this 

curious alternation with great accuracy, both as to the intervals and 

the durations of the productive outflows. Certain wells flow once in 

half an hour; others once only, and for a short interval, in several days. 

As one among many of the instances of this fickleness, I may cite the 

so-called "Yankee Well," or Cherry Run, in Pennsylvania, sunk in 

1864 to a depth of 606 feet. After being pumped for two weeks, it 

began to yield, by this process, from ten to twenty barrels of oU per 

day; but the workmen commencing to pull up the tubing in the hope 

of improving it, the oil, to their surprise, began to flow spontaneously 

at the brisker rate of thirty -five barrels per day, increasing after a 

little while to fifty barrels. In this well the flow was spasmodic^ 

usually continuing from five to seven minutes, and then ceasing for 

about twenty minutes, and these intervals of alternate flow and respite 

seldom varied more than one or two minutes. 

" Lifetime^* of the OU Wells. — It is not to be doubted that every 
oil well has a " lifetime,*' or limit to the duration of its productiveness; 
although in numerous cases the rate of decreasement of yield may not 
be marked, or even very perceptible, within days, or indeed weeks; 
though a comparison at intervals of months will almost invariably 
demonstrate a decided declension. Sometimes, in fact, this reduction 
of supply is very abrupt, and wells, previously active, cease altogether^ 
as if overtaken by some catastrophe. As a general rule, this rate of 
declension is noticed in the pumping wells to be slower in proportion 
as they yield little, — or, in other words, the less copious are the more 
permanent. Furthermore, it is notorious that a " flowing well," starting 
with say a yield of 200 barrels per day, will generally fall off in its 
product to the extent of twenty barrels in a month's time; while 
" pumping wells," that in their outset, three years ago, afforded only 
three barrels daily, will have diminished but little within all that period. 
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Of the " flowing wells" of the whole oil region there is net one which 
approaches in j^ield now the product it gave six months ago. The 
more copious flowing wells have generally ceased their flow after twenty- 
five or thirty months ; but a few of them have prolonged their supply^ 
though at a much reduced rcUe, to the limit of three years from starting. 
Some very recently published interesting statements have appeared in 
the Boston Daily Adt^ertiser, which confirm this general rule. Writing 
from North-west Pennsylvania, the narrator mentions that the " Buck- 
eye Well," not far from Titusville, commenced to flow, in 1861, 800 
barrels per day, and it now yields only about 8 barrels; also, that the 
well-known "Empire Well" struck oil in 1861, and flowed the pro- 
digious outpour of 3,000 barrels per day, and it now "pumps^* only 60 
barrels. He adds that the " Ocean Well*' struck oil six weeks ago, 
and is flowing 300 barrels per diem. 

It is evident, from the facts here stated, that our anticipations of a 
sustained future supply of petroleum must be based, not on the wells 
now yielding or active, but upon new explorations, and on the daily 
addition of fresh exits for the oil, with constantly improving appliances 
for economically reaching and securing it. 

The suddenness of cessation above alluded to is well illustrated in 
the history of the "Empire," the "Coquet," and the "Jersey" wells. 
Each of these supplied from 800 barrels per diem downwards, and each 
abruptly suspended its flow; but it would have been an error to infer 
from these ceasings that the oil had become exhausted, — for these very 
wells, and many other similar ones, have, when pumped or otherwise 
assisted, been made to yield a large supply, though never equal to that 
they gave when they were spontaneously flowing. 

It may serve to elucidate the nature and the causes of this startling 
stoppage of production in the " oil wells," to bear in mind, that it is 
not so much the eoduiustion of the petroleum itself ythich. causes the wells 
to cease their yield, as the exhaustion of the penUin and compressed gas, 
for it is mainly to the elastic tension of this latter substance that we 
are to attribute the cessation of the oozing forth of the liquid oil. 

Present General Yield in Petroleum of the Venango Oil Region. — 
According to the candid and careful newspaper correspondent already 
quoted, the Pithole Creek district alone (a limited vicinity) is now 
producing 5,000 barrels per day; and it is estimated that the aggregate 
present yield of Venango County amounts to at least 13,000 barrels, 
which is at a rate of more than 4,000,000 a-year. This authority 
states, that although diminishing at some points, the yield starts afresh 
at others, and on the whole is increasing. Mr. W. Wright, in a chap- 
ter on the " Statistics of Production," in his little volome on the Oil 



58 FkUosopkieal Society of Glaayow. 

Reffians of Pennsylvtmia, more than ccmfirms the aboYe; for in an 
interesting sommarj of the wells in operation, the total yield in barrels 
of each group or locality, and the ayerage daily yi^ of eai^ neigh- 
bourhood, I find the grand totals to be thus : — 

WeUs in Operation, ..... 322 

Total Yield in Barrels, .... 8850 

Average Product per Day, .... 75*5 

Surfiyx Indieaiions cf SuUerranean Fttroleum. — ^There can, of 
course, be no external sign so sure of the presence or nearness under- 
ground of a rich general store of mineral oil as the actual visible exuda- 
tion of it, such as has been witnessed for more than a century past on 
Oil Creek and some other known western localities. Such constant 
spontaneous escape at the surface testifies, not only to a greater or less 
saturation of the strata below, and of their joints and crevices, but also 
equally clearly to the permanency of the conditions^ within these strata^ 
which tend to distil ever-firesh supplies upwards towards, and even to, 
the soiL To such ocular tokens of the proximity of petroleum, appeal- 
ing year after year to the inhabitants of the oil regions, is due that 
confidence of success with which the oil explorers in all the North 
American petroleum districts have probed and penetrated the strata for 
this prized material. 

A less positive, though still a very significant indication of proximity 
to petroleum, is the slow emission or copious outgusbing of hydrocarbon 
grases and vapours, especially in the native springs of the country, or in 
the Artesian wells, bringing the briny water of the rocks towards, or 
actually up to the surface. Both of these sources of subterranean rock 
oil, the ^ burning springs," so called, and the ^* salt wells," display, even 
where the gas is not accompanied by any very obvious amount of the 
liquid oil,— which elsewhere does attend it, — so steady an effusion of 
the aerial hydrocarbons, that no geologist, or even less initiated ob- 
server, can resist the persuasion that they betoken a near vicinity to 
the other class of hydrocarbous, the liquid petroleums. 

SUUistica of the Annual Product and Money Value of the Petroleum. 
— To give more completeness to this descriptive part of my communi- 
cation, I will append here some concise statistical statements of the 
rate of yield of the oil wells, the more marked fluctuations in the nuur- 
ket price of petroleum, and the best authentic estimates of the present 
annual value of this important element in the native mineral wealth of 
the United States. 

The finding and extraction of petroleum in the oil region of Penn- 
sylvania, as a commercial business, commenced no longer ago than 
1860, but the boring operations were not very successful until 1861. 
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The first Artesian well sunk expressly for the mineral oil was made in 
1859, near Titusville, on Oil Creek, close to the county limit between 
Venango and Crawford. This boring yielded some 8 barrels per day, 
enough to incite to further similar enterprises, so that, in the summer 
of 1861, there were abready, in the valley of Oil Creek, a number of 
prosperous flowing wells, yielding in the month of August some 2,500 
barrels daily. In the spring of 1863 the product had become so aug- 
mented that the price of crude oil fell from 25 cents per gallon to less 
than 1 cent (or a halfpenny). The year 1863 witnessed very fluctuat- 
ing, but in the main rising prices, and throughout the year 1864 this 
augmentation in the market value continued, and with a more even 
acceleration, until at last, about the beginning of 1865, the crude oil 
sold at the wells at the high rate of 13*50 dollars per barrel, or 84 
cents per gallon. In April of the present year, 1865, prices had so 
receded, that illuminating oil, at the wells, sold for only 3 dollars per 
barrel, but since that date the price has been gpradually ascending again. 
Crude petroleum is at present, in New York prices current, at 60 cents 
per gallon. Good authorities estimate the average past prices of crude 
petroleum at the wells to have been between 6 and 7 dollars per barrel; 
and Mr. Wright, a careful observer, computes this year's product of 
the crude oil at a commercial value of 25,000,000 dollars; and adding 
the enhancement of value conferred on it by refining, barreling, trans- 
porting, and storing it in commercial centres, he counts the year's 
receipts from the oil business, at its present stage of growth, at between 
80,000,000 and 35,000,000 dollars, or about £7,000,000 sterling. 
The Philadelphia Board of Trade states, in its annual report for 1864, 
that the petroleum of Pennsylvania for the year had a value of 
46,912,430 dollars, or more than £9,000,000. 

Let me here recall attention to the fact, that this prodigious accession 
to the annual productive income of this coimtry is very nearly all of it 
derived from an area of only 400 or 500 square miles, equivalent to a 
square plot of but little more than 20 miles in diameter. 

1 hope, gentlemen, to avail myself of some future fit occasion, to 
submit to you my theory of the geological origin and conditions pro- 
ductive of the petroleum now exuding in such abundance through the 
Artesian wells of the United States oil regions. Meanwhile, permit 
me to recall to your notice what 1 put in print upon this topic in May, 
1863, in the magazine called Good Words, You will there find a 
general synopsis of my views, but 1 trust to be able, at a not remote 
future day, to apply the generalizations there adventured to the eluci- 
dation of most of the phenomena descriptively set before you in the 
present essay. 
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I will close this introductory paper with simply remarking that the 
geological signs of petroleum in the American oil regions are, chiefly, 
certain specific characters in the aspect and composition of the strata; 
the manner in which these underlie the surface, and the deptlis at which 
the supposed oil-producing rocks may ho ascertained to lie; or in other 
words, the symptoms are — the chemical and mechanical nature — the 
structure or mode of arrangement — and the depths or degrees of 
natural warmth of the strata, adapting them to engender, to hold 
within them, and when opened to send forth, a more or less steady efflux 
of the pent-in petroleum. 

Db. Thomas Anderson observed that amongst the interesting 
points in the paper was the great extent over which the petroleum 
was spread. It was interesting also to notice the condition in which 
it was found, passing from the fluid to a semi-solid stat^, till it became 
like soft soap. In this latter condition it resembled that which was 
found at Rangoon, which was imported into this country, and worked 
up by Price's Candle Company. In one respect, however, it differed 
from the substance found in Burmah, for there it was only necessary to 
dig a hole a few feet deep to have it immediately filled with petroleum, 
which at the temperature of that warm climate is fluid, although when 
it is brought here it has the consistency of soft soap. This kind of 
petroleum was further of interest, as it was in it that Christison dis- 
covered paraffine as a natural product. He applied to it the name of 
petroline, being then ignorant of its previous discovery by Reich enbach 
among the products of destructive distillation. In speculating about 
the origin of petroleum, the general idea was that it was produced by 
the distillation of coal by subterranean heat. Whether that view is 
correct or not, it is a remarkable fact, that in some localities far distant 
from coal-fields, the same substance is found, and in these cases a 
different explanation is required for its origin. In our own country, 
petroleum occurs in sandstones overlying the coal, and a century since, 
petroleum was distilled from a sandstone in Shropshire, so that the 
fact of the distillation of this substance is not so very recent as it is 
sometimes supposed to be. 

Mb. Wunsch stated that in the neighbourhood of the city there 
are sandstones saturated with oil, and some which, from the oil diffused 
through them, change their colour when exposed to heat. The oil now 
abundantly produced by the distillation of shale in Scotland, indicates 
the existence of the substance on an extensive scale. The geological 
conditions of the Scottish coal-fields bear a considerable similarity to those 
of the American coal-fields, as described by Professor Rogers, particu- 
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larly in regard to the abundance of anthracite. In these circumstances* 
it was not unreasonable to hope that oil might yet be discovered in 
Scotland. 

Key. Mb. Orossket mentioned that oil is found floating on water 
to the west of Edinburgh, where it can be collected in small quantities. 

Dr. T. AiTDEBSON observed that oil was actually produced in Derby* 
shire on a workable scale, and Mr. Young's success in producing it 
there, led him to undertake the distillation of the Boghead coal. There 
was no doubt, as Mr. WUnsch had stated, that some of our sandstones, 
such as some near Bishopbriggs, contain a considerable portion of 
oil. All these facts render it far from improbable that some fortunate 
individual may yet "strike oil" in Scotland as in America. 

On the motion of Db. Fbanois H. Thomsok, the President, the 
Society agreed to transmit its cordial thanks to Professor Kogxrb 
for his valuable communication. 



IV, — On Electrically Impelled and Electrically Controlled Clocks. By 
William Thomson, LL.D., F.R.S., Professor of Natui-al Philosophy 
in the University of Glasgow. 



Read January 24, 1866. 

Professor William Thomson exhibited and explained an improved 
arrangement of magnets for the electro-magnets and coil used in the 
Jones*s system of controlling clocks electrically. The object aimed at 
in the system is to force the time of vibration of the controlled pen- 
dulum to agree with that of the controlling clock, and to interfere as 
little as possible with the extent of range through which the controlled 
pendulum vibrates. To produce such an effect the proper place for the 
controlling force to act is as near as possible to the ends of the range 
through which the pendulum swhigs. A force acting on a pendulum 
when it is near or passing through its middle position tends either to 
stop it or to make it vibrate more widely. Accordingly, the middle 
position is the proper place for the impelling force to act, by which the 
pendulum is kept vibrating ; and this is what is put in practice in the 
dead-beat escapement, also in Bain's electrical pendulum. Bain's 
arrangement of coil and magnets, which was introduced by him for the 
purpose of keeping a pendulum, and through it the works of a clock, 
vibrating by the energy of an electric current, proved to be a very con- 
venient way of applying electro-magnetic force to a pendulum. It was 
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aocordinglj tdopted bj Mr. Jcmes for the Terj different pnrpoae ccm- 
templated in his admirable invention, wbicb was to regulate a clock 
kept going by ita own weigbta, and compel it to agree in its rate witb 
tbe distant controlling dock. In Bain's arrangement two bar-magnets 
are used, fixed in a horizontal line, with their north poles together. 
The pendulum carries at its lower end a coil or bobbin of silk-covered 
copper wire, with a wide i^)erture or core, through the centre of which 
the line of the magnets passes. The pendulum in vibrating carries 
this coil firom one side of the douUe north pole to the other in every 
vibration, and the mutual action between the double pole and alternat- 
ing electric currents through the coil gives rise to horizontal forces 
alternately in opposite directions, by which the pendulum is kept 
vibrating, while resisted by the air, friction in the clock -work, Ac. 
The distant south poles may be regarded as practically inoperative^ 
because of their comparatively great distance from the coil ; but the 
small practically insensible forces which they produce are, however, at 
each instant opposed to the true resulting effect produced by the cen- 
tral north poles. Whichever way the current flows, this arrangement 
gives the maximum of force to the pendulum at the middle of its are ; 
but it gives enough of force, when the pendulum is near the ends of its 
range, to produce the desired controlling power, with very moderate and 
cheap electric force, as is proved by the success of Mr. Jones's plan, 
even without the improvements of arrangement which have been intro« 
duced in Glasgow. The first of these improvements consists in draw- 
ing out the magnets, and fixing them so that their north poles shall 
be just reached, or barely covered by the coil, as the pendulum swings 
to either end of its range. The effect of this is to increase the electro- 
magnetic force where it is wanted — that is, at the ends of the range — 
and to diminish it in the middle, where it is not only not wanted, but 
has sometimes been found in practice very detrimental It must 
happen occasionally that by some accident, whether the tel^raph 
wires be carried away by a storm, or some temporary stoppage or 
failure occurs in the controlling-clock-contacts or battery, the con- 
trolling current is interrupted for a time. During such an interrup- 
tion the controlled clocks are simply left each to go at its own rate 
as an ordinary clock, and in the course of a few hours any one of them 
may gain or lose several seconds. When the current is re-established, 
they ought all immediately to submit again to the control, and go on 
each with the few seconds gain or loss it may have made while it was 
left to itself. But if the pendulum of any one of them chances to be 
vibrating on the whole against, or considerably more (^gainst than with^ 
the re-established alternating electro-magnetio force, it may be stopped 
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because of the greatDess of this force on the pendulum in or near its 
middle position ; and after a time (several minutes in general) it might 
be started again in the proper direction bj the timed impulses which it 
constantly receives. (This curious phenomenon was illustrated bj ex- 
periments performed before the society). Accordingly, after accidental 
stoppages of the current, some of the controlled clocks, during the first 
few months of the Glasgow experiment, were more than once found 
going, but several minutes slow. After the magnets were drawn out, 
according to the theory explained above, no such derangement has 
ever been experienced ; and the greatest derangement that a stoppage of 
the current has caused in any one of the controlled clocks seems to have 
been two seconds, four seconds, or six seconds. Such a derangement 
can mislead no one, as the University of Glasgow requires, as the sole 
condition under which it will supply electric time-signals in any case, 
that a galvanometer showing (by the lost deflection on the sixtieth 
second) the precise moment of the beginning of each minute shall be 
exhibited with every clock under control which has a seconds' hand ; 
and no one who is so exact as to look to seconds will omit to verify by 
the galvanometer the time-signal he takes. 

A further improvement consists in as it were bending the bar- 
magnets round into the horse-shoe shape, so as to bring their south 
poles from the positions in the axis of the coil where they do damage, 
mitigated only by the greatness of their distances from the field of 
action, to proper positions close outside the coil at each end of its 
swing, where they act forcibly at close quarters in aid of the useful 
action of the north poles when the coil is at either end of its range, 
and yet mitigate very effectively its detrimental action on the coil in 
the middle part of its swing. One of the many new clocks now in the 
course of construction by Messrs. Mitchell, to be controlled from Pro- 
fessor Grant's mean time clock in the University Observatory, had been 
so nearly completed, with the proper form of coil and disposition of 
horse-shoe magnets on the new plan as to allow the action to be ex- 
hibited to the society ; but Professor Thomson had only had it to try 
for an hour before the meeting of the society. He hoped in the course 
of a few weeks to make experiments on it which would allow him to 
report to the Society — 

1. The number of seconds per day of error in its uncontrolled rate 
from which a definitely specified amount of electric current would hold 
it controUed. 

2. The greatest number of seconds per day of error which could be 
checked in it by any current incapable of stopping it by catching it the 
wrong way. , 
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This improvement is even more important for the two seconds' 
pendulum of a turret clock than for the ordinary seconds' pendulum. 
After nearly a year of experiments and trials of coils and magnets 
more and more powerful, the 2^ cwt. pendulum of St. George's Church 
clock had, hy a proper disposition of merely bar-magnets, been brought 
ufider control in the same circuit as the other clocks, all of which have 
seconds' pendulums, without the necessity for a special wire and modi- 
fied system of currents, as specified by Mr. Jones in his patent. It 
may be confidently expected that the new improvement now brought 
forward will render the control of obher heavy two seconds* pendulums 
a much easier matter (that is to say, much more stringent with the 
same amount of electric coil) ; and it is to be hoped that the example 
first set in Scotland by the University of Glasgow, in putting its tower 
clock under control, will be followed not only in St. George's Church 
clock, but very soon in every public clock in Glasgow, Paisley, Greenock, 
and Ayr, and even in Edinburgh, notwithstanding the time g^. 



V. — On a Land Standard Electrometer, and a Afarine and Land 
Telegraphic Testing Electrometer, By William Thomson, LL.D., 
F.R.S., Professor of Natural Philosophy in the University of Glasgow. 



Read January 24, 1866. 

PfiOFEssoB William Thomson exhibited several new electrometers, 
for the construction of which he had been fortunate in having the 
skilful, patient, and always ready action of Mr. White, instrument- 
maker, of Glasgow. One of these, a large standard electrometer, is an 
admirable piece of workmanship. It has a micrometer screw of two 
inches range and 1-50-inch thread, cut by a very perfect Whitworth 
lathe in Mr. White's workshop, and is in all points thoroughly well 
executed. Tliis instrument is on the same principle as the small 
portable electrometer shown first to the Philosophical Society about 
three years ago, of which the principle need not be re-explained now. 
It differs merely in using gravity (admissible in it as a stationary ini- 
strument for use on land) instead of the force of a spring, for balancing 
against the electric force to be measured, and in being of proper dimen- 
sions to give great accuracy and a very uniform scale through a wide 
racge. The value of a division of the micrometer screw is in it equal 
to about one cell of Daniell's battery, and the effective scale is 80,000 
of these divisions. It can be easily read within one or two divisions. 
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and with care it may be read with certainty of a fraction of a division. 
Thas it measures electric potentials from one cell upwards to 80,000. 

Another of the electrometers was an improved electrometer of the 
" divided ring " class, of which several have been shown to the Society 
in the course of the last nine years. The new improvements which 
it includes have for their primary object to render it available not 
merely in a laboratory or meteorological observatory in the hands of 
scientific operatives, but in a factory or at sea. They had been long 
tried for, without decided success, but owing to the impulse afforded 
by the recent Atlantic elpedition, had been satisfactorily planned, exe- 
cuted, and tested within the last three months. The same form of 
instrument could be made of different sensibilities, from a highest (ex- 
ceeding any hitherto attained) to a proper degree for use on board ship 
during the laying of a cable. An electrometer at sea does not as yet 
neceasarUy supersede the marine galvanometer for the insulation test. 
But to reduce chances of waste, or even of failure, as low as proper 
foresight can reduce them, it is quite necessary that an electrometer 
be kept in use at the Valentia shore station during the operations of 
1866. The I860 Atlantic cable, thanks to steady and successful 
attention to the requisites for electric perfection in the Gutta Percha 
Company*8 Works, and to careful watching throughout the subsequent 
stages of the manufacture and shipment, insulates from fifty to a 
hundred times as well as the old Atlantic cable ; but its insulation can 
still be satisfactorily tested at sea in the Great Eastern by the marine 
galvanometer. But a still better insulated cable, in a more rapidly 
rolling ship, can only be tested for insulation by an electrometer ; and 
the improvement of this instrument into a thoroughly practical testing 
appliance for use at sea is an important object, now when we are in 
view of submarine telegraphic projects for every ocean, in comparison 
with which all hitherto completed will sink into insignificance. The 
marine electrometer now exhibited to the Society must be thoroughly 
proved at sea before it can be exclusively trusted for the insulation 
test in any such work as the laying of an Atlantic cable. 
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VI. — A few Remarks on the Treaiment of the CaUU Plcigue, By 

Mr. Eichabd Bbowk. 



Read February 7, 1866. 



The subject of the following remarks is one of vast importance to 
the world— one in which all are alike concerned, the highest as well 
as the lowest. To the labouring classes cAeap butcher meat is a 
matter of great consequence, and the want of good milk in families is 
a circumstance deeply to be regretted, seeing it is one of the most 
important articles of their diet : anything, therefore, that can be done 
or devised for the prevention or cure of this dread disease should be 
at once made known. It is with this desire I wish to ventilate my ideas 
on the subject, and if possible elicit the opinion of others. I am well 
aware that the most eminent men of our day have rec(»n mended a 
great variety of different kinds of treatment, medicinal and others, but 
80 far all have hitherto failed. A very few cases have got better under 
treatment ; and these, I am inclined to believe, have been cured more by 
gentle means and the restorative powers of nature than by anything 
else. I have carefully watched all the different theories and re- 
commendations as they were brought forward, the Timee newspaper 
having given daily long and elaborate articles on the subject I have 
also watched with interest the different remedies which have been 
recommended and tried locally. We have had depletion with strong 
stimulants; bleeding with stimulants, astringents, and tonic remedies 
in such doses as to render it utterly impossible for the system to absorb 
them. We have had homoeopathic treatment — a very safe system, and 
one in which I have some little faith : only I don't think the medicines 
given by the Homoeopathists to be the proper ones, and were in rather 
too small doses to do good. We have had vapour baths — wet sheet 
packing, in combination with medicine — certainly capital things when 
properly applied, but dangerous and often fatal when used indis- 
criminately and without a proper knowledge of their powers. 

I am not a medical man, but I have studied in that school called 
experience. I have also closely watched and carefully studied the Laws 
of nature. For years I was under the allopathists, and never knew 
what health was until I went through a short course of the hydro* 
pathic treatment; since when (now a good many years ago) I have 
enjoyed excellent health. I have since recommended the same treat- 
ment to many others, with the most beneficial results. I have also 



Mb. Bicharb Bbown an the Treatment of the Cattle Plague, 67 

carefully studied the various modes of treatment under this system, 
also the cause and effects of disease, and have come to the conclusion 
that nature is the great restorer in cUl cases, and the more gently we 
can assist its delicate operations the sooner we will effect a cure. My 
own personal experience goes to prove this; and I have also seen it 
proved in others. 

These remarks are made to show that the assertions I bring forward 
are not made at random, but are the results of some little experience. 

The conclusions I have come to in regard to the treatment of this 
disease — "the Rinderpest," or under whatever name it is called— are, 
that the remedies have not been adapted to its cure ; that the methods of 
treatment were too complicated — I mean too many things were given or 
tried at once, without proper care being given to diet and the comfort of 
the animal while under treatment. Animals do not differ much from 
human beings in this respect : the latter, when any ailment affects them, 
and especially in such cases as fever, cholera, and the like, require the 
most constant attention. So with animals in such a disease as the 
present: they must have the same unremitting care ere the disease can 
be cored. 

As far back as October last I wrote to the newspapers on the cure of 
this disease by the ** Water Treatment," under the signature of these 
WOTds. I was immediately followed by others on somewhat similar 
grounds, but in such a manner as showed they were not familiar, or 
even acquainted, with the therapeutic properties of water, especially 
when combined with medicine. The consequence has been that, so far 
as I am aware, their system has not succeeded generally ; and conse* 
quently the water treatment has got a bad name. 

Want of time and a railway accident have prevented me pushing 
the system I recommended as I would have liked; but I understand, in 
one or two cases where it has been tried, its success has been perfect. 
I have still the same confidence in its efficacy, as I find, where any 
cures have been effected, they have all approached my system as near 
as may be, especially as regards diet, which I call my negative system, 
the positive one consisting of active treatment. 

I am therefore inclined to think that the system I advocate is the 
one best adapted and most likely to cure this disease in its true form, 
and to do it without the slightest injury to the animal, the great 
beauty of the treatment being, that if taken in time the cure will be 
speedy and certain, without almost any diminution of the animal's 
strength; whereas under the other system, should recovery take place, 
the animal is an invalid for many days after, — perhaps a week or 
month. 
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As I stated in my letter to the papers, I believe this disease to be 
caused bj poison in the system, causing fever, inflammation, diarrhoea, 
and ultimately death. Nature in this case, as in all others, tries to cure ; 
but the poison, if not irradicated, is the stronger, and consequently 
gains the victory. Now, what we have to do is to assist nature — 
relieve it of the poison, and the cure will very soon be the result. 

Nothing that I know of — and in my experience I have seen a good 
many things tried — assists nature so well, and is so kindly to it when 
properly applied, as water. But herein lies the difficulty ; hot baths, 
vapour ones especially, are capital things ; but in most stages of this 
disease I don't think they are at all applicable — certainly not in its 
earliest ones, when there is a great amount of nervous irritation ; then 
they only tend to aggravate. This I have proved in many cases. 

My experience goes to prove as best, and what I recommend in 
this disease is, '' wet sheet packing." To parties unacquainted with 
the water system, and particularly packing the body with wet sheets, 
they can hardly form an idea of its superior influences, and with what 
quickness it reduces fever, allays inflammation, and arrests diarrhoea. 
I have tried it again and again in all these cases, and have never known 
it fail. 

If this disease is taken in time, whenever noticed, the chances are 
you have only one of these to cope with ; but if allowed to go on for a 
time, it is almost a certainty you have all three ; consequently the cure 
becomes more difficult and protracted; and if the disease has been 
aUowed to go too far y I believe it to be iticurahle: hence the great 
importance of seizing the first symptoms of ill-health. 

For the positive treatment take three or four large sheets or rugs — 
the latter are much the best ; but when these are not at hand, sacks 
ripped up, carpets, and such like, come in as capital substitutes. Let 
them be as large as to go easily round the animal ; take one, and dip 
it wholly in water — cold water ; wring it out, but leave it still pretty 
wet, though not dripping. Boll this round the animal as closely as 
possible ; then coyer up tightly with the other dry sheets, one after 
another, the object being to exclude the air. These may be kept on 
by ropes, strings sewed on at different places, so as to tie them together, 
or strong pins. The wet sheet will get warm immediately. In about 
an hour, or at most an hour and a half, or whenever the animal is seen 
to g^t restless in them (which may be sooner than the hour, if the 
fever is very severe), take them off and rub the animal well all over. 
He-dip the sheet, and apply as before, doing this three or four times, 
till the fever is allayed and the animal is seen to be recovering ; upon 
whioh diaoontinue the prooesa, and only renew it as i^pearanoes may 
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warrant. It is wholly in the renewed applications that benefit accrues. 
Should the packs be allowed to remain on longer than the above sped- 
fied time, nervousness is excited and the fever increased, whereby a 
positive injury is done. If the disease has been attacked in its earliest 
stages, the improvement will soon begin to manifest itself in the 
animal — in fact, the first pack will show it ; but if the disease has been 
allowed to get seated, the change for the better will only be apparent 
after renewed applications of the sheets. 

While under the treatment the animal should have water to drink 
given to it frequently, not in large quantities at a time, but in sips, as 
it were. I lay particular stress on this, as I consider it to be an im- 
portant element of the treatment, as it assists to a great extent the 
chemical action going on in the stomach, which has in this disease 
been found to be almost invariably loaded with food ; and so long as 
this lies there undigested, there is no use of giving the animal more. 
Herein lies the negative part of the treatment. I say, therefore, we 
roust under no consideration give it food until it is seen to be recover- 
ing, which is best indicated by its chewing its cud. Therefore, when 
this is the case, and the packs are discontinued, a Uttle gruel should be 
given, to be increased very gradually from day to day as recovery is 
perfected ; but it must be strongly borne in mind that, as the stomach 
and whole body are in a very weak state, the utmost care and caution 
must be exercised in this respect — ^in fact, quite as strictly as with a sick 
individual. So long as the nervous system is unstrung, there will be 
no digestion ; but so soon as this is strengthened, which the packs will 
rapidly do, assisted by the water drinking, digestion will soon begin. 

I am inclined to believe that very many animals die from inattention 
to diet in this disease ; and if food in a great many cases was at once 
withheld from them, and nothing but water given them to drink, that 
they would recover. 

It is a well-known fact that a little food well digested does good ; but 
a great deal overloads the stomach, causing weakness and even disease 
itself. We often find the greatest eaters are the thinnest people ; and 
so with animals : those in best condition are those that are good, but 
not over-eaters. Should, thei*efore, disease be prevalent, and the latter 
failing exist, it is simply adding fuel to the flame by encouraging it, 
and allowing the poison to take a stronger hold. 

In regard to medicine, I believe in certain stages it may assist and 
do good ; but on the whole I consider that it is only useful in this 
disease when the animal is costive — when a slight aperient may be 
given, such as treacle or oil. To the former may be added, or given 
Bubsequently, about half an ounce of chlorate of potass. These, how- 
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ever, or any other medicine, sbonld never be given along with the 
packs — I mean both together — as their energies will be wasted in with- 
drawing it from the system, and the effects of both rendered inopera* 
tive ; besides, when both are given at the same time, the medicine 
tends to sicken the animal. Medicine, to be of use, should be given 
some hours before applying the packs, or immediately after they have 
been applied. I would much prefer, and would recommend the latter 
(that is to say, if medicine is to be given at all) ; but the chances are, 
it would not be required if the packs were tried first, — as, strange 
anomaly as it may appear, they have the effect of not only stopping 
a too violent action of the bowels, but also of opening them when 
bound up, but in so natural a way as not to reduce the strength, which 
cannot be done by medicine. 

Strong stimulants or astringent medicines should on no considera^ 
tion be administered, as it is almost certain they will injure^ and pre* 
vent a cure. Fever and inflammation being present, they are both 
perfectly inadmissible ; in fact, in almost every case I have read of 
where they were used the results have been fatal. 

I understand it is very common to deplete, and then use strong 
stimulantff to keep up the system ; but such a system is altogether 
foreign to nature, and one that I cannot see any argument for. I can 
understand how that a little stimulus, given in severe cases of prostra- 
tion, will be very beneficial ; but, as I said before> I consider in this 
disease it is hurtful. 

Great care and attention should be paid to the comfort of the 
animals ; the house they are kept in should be dry, well ventilated, and 
warm ; they should also have plenty of dry clean straw about them ; 
and so soon as the packs are taken off, a large dry rug should be put 
over them ; and it is almost a certainty that this will have the effect 
of bringing about a free and copious perspiration, showing that nature is 
relieving itself by the skin. When this is so, it may be allowed to go 
on for some little time, when the animal should be again rubbed well 
all over, and the rug thrown over it afterwards, still giving a little 
water to drink. This perspiration is one of the best signs of recovery, 
as nature is thus showing it has got the ascendency over the poison, 
and is asserting its sway, as it were, by thus throwing it off. 

The greatest care in giving food in this stage should be exercised, as 
the slightest overfeeding is sure to bring on a relapse ; and if so, the 
packing miist begin again de novo. 

I have said that sweating either by vapour or other means is not 
applicable in this disease; but it must not be assumed from that, that 
I am against sweating in certain stages of it; but it is so very difficult to 
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be able to tell correctly with an animal when it is the proper time to 
apply and to withhold it, that I recommend it should not be used. 
Sweating by forced means on a loaded stomach is one of the most 
dangerous things that can be done; and I have shown that such is 
often the case with animals in this disease. It is, however, very power- 
ful in cases of obstructions, congested liver, and the like; but it must 
not be supposed because there is free perspiration a cure will follow. 
If in this disease the effort is not free and spontaneous, the treatment 
will be too taxing on the nervous system, and it will be stirred up 
beyond its power to make efforts to throw off the disease. Forcing, 
therefore, won't do; a little coaxing must be adopted; the nervous 
system must be gradually re-estabhshed. Hence the wet sheet packing 
is the most soothing application that can be applied to the system; 
and any one present who has tried it will, I am sure, bear me 
out in what I assert. It is also one of the safest, most effectual, and 
powerful means of cure of the water treatment. It is in fact similar 
to a vast poultice applied all over the body — only it has not the dis- 
agreeable feeling such a poultice would have — and there is no difficulty 
whatever in applying it. It carries off heat, and this heat is applied 
in converting the moisture of the wet sheet into vapour, so that the 
animal may be said to be in a vapour bath of its own making. This is 
often mistaken for perspiration, which is an error, as the sheets are not 
allowed to remain long enough on to induce that It will therefore be 
seen that the frequent changing of the sheets carries off the heat from 
the surface of the body; the internal organs are relieved; the pulse 
being reduced, and the skin placed in a favourable state for perspira- 
tion. This last generally follows, and nature relieves itself. Should this 
not take place soon, and the skin become dry, the packing must be 
recommenced, leaving an interval between each, to see its effects. 
When the sheets are allowed to remain on too long they become a 
stimulant, and actually irritate, when it was intended they should 
soothe. In cases of severe fever the heat accumulates so fast 
that they would require to be changed every quarter of an hour, 
otherwise they would be so irritating as to have a very prejudicial 
effect. 

Disinfectants should be freely and liberally used not only in the 
byre and outhouses, but in all places about the buildings where the 
animals may be going about. Chloride of lime is a cheap and useful 
disinfectant. Peat moss made into charcoal is also very good ; and as 
this can be had for very little in many districts, it should be liberally 
used. It at the same time makes capital manure. As I said before, 
every means of prevention should be adopted, and the same care and 
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attention bestowed on the animals as are given to indiTidaals who noaj 
be labouring under fever and the like. 

I may sum up my means of prevention and cure as follows: — 
Isolation-^diBinfectants — attacking the disease in its first stages — 
simple treatment — ^with care and attention in diet and otherwise. 

As this disease is contagious, I am thoroughly of opinion that it is 
imprudent in the highest degree to allow any person whatever who has 
been near an infected animal to go near others who may be healthy, or 
about whom there may be a report of disease. In this latt«gr case I 
would recommend that any animal seized with illness, no matter what 
it is, be at once separated firom the healthy ones, and put in a place by 
itself, a good distance away firom the others; and if a veterinary 
inspector be called in, that he may see the animal there, and there only. 
The party who accompanies him should not be allowed to go in amongst 
the healthy ones afterwards. Too much caution cannot be used in this 
respect, as I much fear the disease has been spread considerably by 
these means. 

These remarks will, I trust, be received in the spirit in which they 
are given — viz., with a desire to do good. I do not mean to run down 
any system. I am ready to adopt that which is best. My idea is that 
the water treatment is the most simple, most rational, and most in 
accordance with nature. I may be wrong, but such is my experience. 
I believe in naiurt being the great restorer; and if the mechanism of 
the body gets out of order, if we can only assist its vital powers in the 
proper manner, ifc will easily conquer the disease. It won't do to use 
the internal organs as we would a cast-iron pipe, to cleanse and scour it 
as it were with a scrubbing brush : the organs of the system are too 
delicate, and must be treated with extreme caution, otherwise the cure 
may be worse than the disease. Water, therefore, properiy apphed, I 
believe to be the simplest and safest remedy that can be used to assist 
the restorative powers of nature. 

Mb. Wm. Snc said — It occurs to me that Mr. Alex. Graham of 
Capellie, in a series of letters which appeared in the OUugcw Hendd^ 
advocated a system of wet packing very similar to that now stated in 
the paper. It was tried by him with but indifierent success^-very 
indifferent indeed. I attach much greater value to the hint thrown 
out in the paper with regard to the use of disinfectants. We must all 
admit that rinderpest is a very mysterious disease, and that it is one 
which is conveyed by the ahnosphere. We also know the great value 
of chloride of lime, used together with sulphuric acid, as a disinfectant 
in cases of cholera^ and that it is an agent which can be very simply 
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applied. From a chemist in the city to-day I ascertained that 1 lb. of 
chloride of lime and 2 lbs. of sulphuric acid, which may be obtained 
for 7d., are quite sufficient to fumigate thoroughly the largest byre in 
the kingdom. I do believe that there has been a neglect in not making 
a more free use of disinfectants. Then, again, with regard to the 
interment of the carcass, as I understand the law as laid down by the 
Privy Council, it is this, that the dead animal shall be buried to a depth 
of not less than 3 feet from the surface of the earth, and quicklime of 
course put in with it. Now, I happened to be in the North of Scotland 
last week, and while waiting at a railway station I heard it stated in 
conversation that the hungry dogs of poachers, when out at night, 
actually scraped the earth away and exposed the carcass. So long as 
that state of matters exists, and gaseous products get into the atmos- 
phere, there is certainly a danger that this may be carried, and cause 
the infection to spread. Now, I do not see why the process of incin- 
eration should not be adopted. It might be very simply done. All 
they would have to do is to kindle a fire of sticks, or anything else, 
hanging up the four quarters of animab upon a tripod of iron, and the 
fire would be self-acting. The product would be bare ash ; and I should 
think there would be very little poison remaining, or any further danger 
to be apprehended. 

Mb. a. Gbaham of Capellie said — The last speaker has referred to 
my letters in the Glasgow Herald, and said that my experiments met 
with indifferent success. I have only to say the success has been so 
indifferent that I have never made an experiment at all. I never saw 
an animal suffering from the rinderpest in my life ; but I will say that, 
if I had such an animal, I could cure the patient in six, seven, eight, 
or, at most, nine hours ; therefore, I have not failed. On the contrary, 
I have succeeded, because the disease has never entered my byres. I 
think the paper which has been read a very able treatise on this sub- 
ject ; but in two or three points, which are not material, I do not 
agree with the writer. In the first place, with regard to the packing, 
he puts on one wet sheet : my theory is altogether different. He also 
says he would not give medicine in combination ; there again we dis- 
agree. If a cow showed symptoms of an inflammatory attack, I would 
proceed at once to give her a certain quantity of sulphur, of nitre, of 
ginger, and some treacle. This I would do for very obvious, or may 
I say in this Society, for philosophic purposes. The treacle, of course, 
is to affect the bowels, the sulphur to purify the blood, the nitre to 
affect the kidneys, and the ginger to give a tone to the stomach. I 
would then apply the packing, not putting on one sheet only, as Mr. 
Brown recommends. I would first wring one sheet out of cold water, 
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and pat it carefully on the chest and roond the neck, sewing it 
thoroughly, so aa to exclude the air. Then I would put on a second 
and a third in the same way, hecause I prefer three separate woollen 
sheets to one sheet of the same thickness as the three. Then I would 
apply other three sheets. Xow, here is an essential difference between 
Mr. Brown's idea and mine. My object is a good many folds. It is 
to produce a decided perspiration. I like to see it dripping from the 
beast : and I know when to remove the sheets, not by my watch, but 
by watching. Whenever I find that the three upper sheets are wet, 
and the under three dry, I pull them ofi^ and put carefully over the 
animal a toasted rug or blanket. Mr. Brown said he would not give 
the medicine in combination with the packing : I say the virtue of the 
whole thing is giving them in combination. He says it will prevent 
the medicine from acting : I say it will make it act quicker and more 
Buiely ; and quickness and certainty are a very great matter in such a 
case as this. I say further, my expectation would be, that in the 
course of a very short time, certainly within nine hours, you would 
find the animal chewing its cud. It may seem odd that I should speak 
thus, not having myself seen a case of rinderpest; but I have seen 
very many cases of pleuro-pneumonia ; and I have no hesitation in 
stating my belief that at least as many cattle in this country have 
perished from pleuro-pneumonia as have yet died from rinderpest. It 
is to my utter surprise that I see, day afler day, reports of deaths by 
rinderpest, yet that I never see one single report of the deaths by 
pleuro-pneumonia. Let me also express my surprise that, while our 
cattle are not permitted to be sent to Ireland, there is no prohibition 
against bringing Irish cattle to this country. It is true that no cases 
of rinderpest are reported in Ireland ; but will any man tell me they 
have not had severe cases of pleuro-pneumonia, which is as infectious 
as rinderpest ? But I wish to point out a difference between my mode 
of packing and its effects, and that which is advocated by Mr. Brown. 
He said it was the same as putting a poultice upon the animal : I tell 
you it is quite different from a poultice. If I wished to put a poultice, 
by a damp sheet, upon an animal, I would not put dry sheets, but a 
waterproof cloth on it to exclude the air, and that would produce some* 
thing like a poultice. The gentleman who read the paper also spoke 
about the Turkish and vapour baths. My opinion is that both of 
these may be very good, and may be used very well. I do not wish 
to give any strong opinion upcm this matter, because I have not seen 
it tried ; but I have seen this system of packing most thoroughly tried 
in pleoro-pDeamonia. I myself lost thirteen cattle by pleuro-pneu- 
moni^ In endeaToaiing to find <mt a remedy I tried medicines, and 
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BO forth ; and afberwards I tried this packing, since which time I have 
nerer lost an animal from pleuro-pneumonia. Having that experience, 
and being asked again and again to say something upon this subject, I 
wrote mj first letter to the Glasgow Herald, in which I recommended 
a similar mode of treatment for animals suffering from rinderpest. I 
looked upon murrain, pleuro-pneumonia, and rinderpest as one and the 
same in their origin — namely, a disordered and inflamed state of the 
blood ; and my opinion was, that if you could extract the inflammation, 
your patient was safe. But I have also a great idea of prevention as 
being better than cure. I beheve that not one man in a hundred in 
our dairy district ever dreams of giving salt to his cow. That strikes 
me as utterly absurd. I have always been in the habit of directing 
salt to be sprinkled amongst the food of my cows, because it assists 
digestion, and for other reasons. I have now had cattle for at least 
fifteen or twenty years in my establishment, and I have never had a 
case of hoven, which I ascribe solely to the use of salt. Then, again, 
I have a very strong belief in regard to our dairy cows being kept in a 
most artificial state. They are fed, as country people say, ''to the 
masthead,*' to make them produce any quantity of milk for the Glas- 
gow market. Well, the consequence is, that their blood is, I think, 
in a most unnatural state. Therefore, what I do in my establishment 
is this: — Each milk cow gets a tea-spoonful of sulphur every day, and 
on the seventh day — the Sabbath, or Sunday, whichever you please to 
call it, but it is the seventh day at any rate — on that day the cow gets 
as much nitre as lies on a shilling, with a considerable quantity of 
ginger. You can easily guess the object of these things. I admin« 
ister the nitre once a week, to keep the kidneys all right, while the 
ginger is given to tone the stomach. I have only further to say that 
in these remarks, and in anything I have written on this subject, my 
only object has been to promote the public good. 

Dk. Lyon — I am a little surprised that the members of a Philoso- 
phical Society should listen to all the statements of Mr. Graham 
without some scientific-like proofs having been brought forward of the 
reasons upon which he acted. I am a little surprised that any gentle- 
man not educated as a medical man should presume to give opinions 
upon this subject at all. It is a recondite subject — it is a very difficult 
subject indeed. Why, the best minds in all ages have been studying 
these matters, and we are as ignorant of them now as they were before. 
Mr. Graham, whose letters I have read, describes his treatment of the 
rinderpest by practice which, in his hands, he said, resulted in a cure, 
but which in the hands of every other person failed completely. In 
fact, the treatment was not based upon any scientific principle at all 
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Mr. Graham is always looking to eflEects — be is forgetting the causes. 
He does not know what the cause is. Has he any influence over the 
cause P I saj he has none. I say he is acting on the most ignorant 
ideas — upon perfectly empirical ideas. I beg you to understand I do 
not mean to be in the least degree personal ; but in place of mere 
statements — vague statements, and unscientific-like statements — I 
think a philosophical society is entitled to have something of a very 
different description indeed. Why, what do we know about epidemic 
diseases of almost any kind ? What are they P Where do they come 
from? How are they produced P No man is able to answer; and 
until we really know what the cause is, it is not very likely we will be 
able to counteract the disease. For Mr. Graham to suppose, for 
instance, that he could cure typhus fever or scarlet fever by the 
warm bath, or sweating, is out of the question altogether ; and he has 
found that out ; and all persons who have followed his recommendation 
have found it out too. The expectation that a little nitre, or sulphur, 
or salt, is to perform very important effects upon the economy of the 
animal is not founded on fact; and if you wish to discuss this subject 
in a scientific manner, you must proceed in a very different way from 
what you have been doing to-night. I was detained by my professional 
duties, and did not hear the paper read ; but I think it is uUra vires — 
I think it is presumption— excuse me for saying so— for any man not 
educated as a medical man, and knowing the little control he has over 
disease, to speak in the way I have indicated. If he had the experience 
of a medical man he would come with much less dependence upon his 
opinions or his practice than Mr. Graham seems to have. But in 
making these remarks I desire you shall not take them in a personal 
manner; I am merely speaking my sentiments on the subject. 

Mb. Gbaham — The gentleman who has just spoken is, I presume, 
a member of this Society. He is perhaps not aware that I am not 
here of myself; he is perhaps not aware that I am here by invitation ; 
he is perhaps not aware that the words he heard me speak were not 
words that I volunteered, but that I was asked by you, sir, the chair- 
man of this Society, to rise and say if I had any observations to 
make 

The Chairman — Certainly. 

Mr. Graham — Therefore, sir, when a member of your Society speaks 
of the ignorance of a stranger, who is asked to display that ignorance 
in order that he might have it amended — when he speaks of it in the 
language in which I have heard him speak — am I to understand that 
that is the style of this Society altogether? I shall leave this room 
with an imprenion altogether different from that with which I entered 
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it — which I am sorry to do, hecaase I see one or two gentlemen here 
for whom I have personally the greatest possible respect; but I will 
say that the language that has been used towards me is not language 
which I am accustomed to in common society, whether it be right or 
not in a Philosophical Society. And, sir, I want the gentleman who 
made these observations to remember that I never said I had treated a 
single animal labouring under rinderpest. I stated quite the contrary. 
He said I had failed, and that others had failed. I tell you I have 
never failed, because I have never tried; and I tell you that hosts and 
hosts of people, whose letters I have beside me, have succeeded well; 
and the only people who did not succeed, that I have hitherto known, 
have been self-sufficient people, who thought they knew better than I 
did, and do not follow exactly the process I prescribed, but took a 
process of their own, added to mine. As to the cause of this disease, I 
have said distinctly that it is simply a disordered or inflamed state of 
the blood. I went to the cause at once, and I have no hesitation in 
stating the cause. 

The Chaibmait — In anything Dr. Lyon has said, I think Mr. 
Graham must admit that he meant to aim at great and broad principles, 
rather than to refer to anything that had been said here to-night. I 
think Dr. Lyon's remarks are correct with regard to the strictly philo- 
sophical view of the case ; but in coming here to listen to the paper 
which we have heard, we came to learn what men thought and had 
been doing regarding this disease. If we are to discuss the subject 
philosophically, I think it becomes a different matter. I think Dr. 
Lyon was a little too severe in the way he took it up ; and I am at the 
same time perfectly certain that he had no motive but to express his 
opinion that a Philosophical Society of such standing as ours ought to 
take a great and broad view of the subject At the same time, I think 
we ought to feel deeply grateful to Mr. Graham for what he has given 
us. I beg to thank you, sir, for the very kindly way in which you 
have taken this, and I think what we have received from you can do 
no harm at any rate. 

Pbofessob Akdebsok — I am sure there can be but one feeling on 
the part of the Society with regard to the discussion which has taken 
place on the present occasion, and the thanks we owe to the gentlemen 
who have spoken and communicated to us their ideas upon the subject 
of rinderpest. There appears to me, however, to be one point in the 
whole discussion which comes very prominently forward, and it is this, 
that we have suggestions of the method of curing this disease which 
are comparatively unsupported by facts. We have not sufficient data, 
as it appears to me, to form any judgment aa to the success of the pro- 
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posalB which have been made. As I understand the matter, Mr. Brown's 
plan has not been tried ; and Mr. Graham himself has not had an oppor- 
tunity of employing the method which he has suggested. It would be 
most important if we could have a full statement of the results which 
have been obtained with r^ard to it. Certainly, judging from what 
has appeared in the public prints, I should infer that, at all events, Mr. 
Graham's plan is not always successful; and it would be most important 
if we could have some information of the causes of success in particular 
cases, and failure in others. Looking at what appears in the public 
prints generally, the conclusion to which I come is, that no plan what- 
ever that has yet been proposed has been attended with success. I am 
one of those who are inclined to think that preventive measures are 
most necessary ; and, like a previous speaker, I would urge the general 
use of disinfectants to a much greater extent than has hitherto been 
practised — not by a single fumigation, as that gentleman seemed to 
suggest, but by the continuous use of disinfectants, such as chloride of 
lime. I also believe that the utmost attention should be paid to cleanli- 
ness; in fact, that sanitary precautions should be adopted in the byres as 
much as possible. I am far from supposing that it would be pos- 
sible to prevent rinderpest by such precautionary measures; but I am 
satisfied they would do a great deal to diminish the intensity of an 
epidemic when it made its appearance. 

Mb. William M'Adah said he thought Mr. Graham should take 
some opportunity of testing his mode for the cure of rinderpest, so that 
it might be proved whether or not it was a correct remedy. 

Db. Ltok afterwards offered some remarks. He alluded. to the 
mystery in which the origin of epidemics was felt by medical men to 
be shrouded, and went on to say that they knew it was perfectly futile 
to suppose that perspiration would carry off the disease now under 
consideration. In many such diseases perspiration was one of the 
most common symptoms, and yet the poison was not carried off by 
any manner of means. Therefore, if this subject was to be discussed, 
they must take it up as a whole, and not go upon the supposition that 
a little sulphur, or a little nitre, or a purgative, or anything of that 
kind, would overcome the disease. It was probably not altogether 
hopeless, however, that some day or other antidotes to, or preventa- 
tives of, this disease might be found. Quinine, in some manner of 
which they knew nothing, had the effect of interrupting the progress 
of ague, and arsenic, in the form of ague drops possessed the same 
remedial power; and it was to be hoped that as science advanced some 
antidote, or preventative, or cure might be found for other diseases 
which at present baffled the skill of the attendant. 
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Mb. Bbowk gaid he would have liked if Dr. Lyon had come forward 
with something more definite than his very general remarks. Professor 
Anderson desiderated proof that his system had really been effective in 
cases of rinderpest ; and he might state that Mr. George Hills, M.D., 
of Dunoon, bore testimony to its complete efficacy in the case of a cow 
suffering under most decided symptoms of rinderpest. The animal was 
subjected to the hydropathic treatment, and in two days was out of 
danger. In other cases of rinderpest his system had been applied; but 
as he was not there himself to see it fully carried out, the parties 
applied it for a few hours and then stopped it, and of course if it was 
not continuously applied a cure could not be expected. Dr. Lyon had 
spoken about the causes of epidemic diseases, and where they came 
from ; but it might have been more satisfactory if he had told them 
some means of curing fevers 

Db. Lyon — No occasion for that when you have got a cure, it 
appears. 

Mb. Browk — Well, you do not approve of it. 

Db. Lyok — Your plan is to find patients and put your system into 
execution. You surely do not act a very public- spirited part if you do 
not announce your remedy, and offer yourself as an attendant upon 
these animals, and thereby interrupt the disease by your certain 
method of treatment. I think you are almost bound to do so. 

Mb. Bbowk — I have done so to a certain extent ; but it is some- 
times not very easy for a man in business to find time. 

Db. Lyok — Oh, make sacrifices for that. 

Mb. Bbowk went on to refer to cases in which the water treatment 
had been attended with the greatest benefit in diseases of the human 
subject. He believed that, when rightly applied, it was the most 
effectual means of cure, and that ere many years had elapsed medical 
men would espouse it far more willingly than they did at present. 

The Chaibmak — I think this discussion has to some extent taken a 
form which is not desirable in discussing a great question of this kind. 
I think, with other speakers, that this disease called rinderpest arises 
from a subtle poison, the source of which has not been traced. We 
know, however, that it is contagious, and we have also satisfactory 
evidence that preventatives or disinfectants, when systematically ap- 
plied, are highly beneficial. I have not the slightest doubt that the 
system of killing and burying introduced by Dr. Gamgee, and thought 
at the time to be a very savage one, is the proper principle — ^that when 
that system has been carried out definitively in any district it has never 
yet gone beyond that district. These are facts which Dr. Lyon may 
not think philosophical, but they are borne out by proofs which I 
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cannot resist, and I hold we are quite entitled to tender a vote of 
thanks to Mr. Brown for the nice paper he has read us, and also a vote 
of thanks to Mr. Graham for the kind way he has spoken, and the in- 
formation he has given us with regard to his own practical experience. 
I sincerely trust this will not be the end of the discussion in the 
Philosophical Society upon such an important subject as this, but that 
Dr. Lyon himself will bring forward a scientific paper, and give us the 
theoxy of disease, which is most important. 
Db. Lyon — I shall not have time to do that. 



VII. — On the Determination of the Difference of Longitiuie between the 
Observatories of Oreenivich and Glasgow by Galvanic Signals, By 
KoBEBT Gbant, M.A., LL.D., F.R.S., Professor of Astronomy in 
the University of Glasgow. 



Read Febmaiy 21, 186& 



Pbofessob Gbant commenced with a brief description of the 
various methods which had been devised for ascertaining the difference 
of longitude of any two places on the earth's surface previous to the 
application of the principles of electrical science to the solution of the 
problem. The earliest method was foimded on the observation of lunar 
eclipses. The entrance of the moon into the earth's shadow is a 
phenomenon which occurs at the same absolute instant of time where- 
ever it is seen, and consequently the difference between the local times 
of occurrence, as noted by two observers occupying different positions 
on the earth's surface, will indicate the difference of longitude between 
the places of observation. A serious defect inherent in this method 
consists in the circumstance that, as the earth's shadow is not bounded 
by a well-defined outline, it is impossible to fix the instant of the 
moon's entrance into it with such a degree of precision as the delicate 
nature of the question requires. Besides, an eclipse of the moon is a 
phenomenon of comparatively rare occurence. 

The discovery of Jupiter's satellites by Galileo, in the beginning of 
the seventeenth century — one of the first fruits of the invention of the 
telescope — suggested a new and more perfect solution of the problem. 
The satellites, in the course of their respective revolutions around their 
primary, undergo very frequent eclipses, and the instant of the dis- 
appearance of a satellite in the shadow of the planet, or that of its 
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subsequent re-appearance, as determined with reference to local time at 
two distant places, supplies the means of ascertaining their difference 
of longitude. This method has done good service to geography ; but it 
is generally speaking inapplicable to astronomy and the more refined 
purposes of geodesy, from the circumstance that the observed instant 
of the immersion of the satellite in the planet's shadow, or that of its sub- 
sequent emersion, varies to a certain extent with the aperture of the tele- 
scope employed in the observation of the phenomenon. A third method 
is founded on the rapid motion of the moon in her orbit. In virtue of 
the earth's diurnal rotation, the moon is transported with a uniform 
movement from the more eastern meridian to the more western of any 
two assigned places on the earth's surface; but during this interval she 
has travelled over a certain part of her monthly revolution, and there- 
fore her orbital position, when she is on the meridian, will not be the 
same at both places. Hence, by ascertaining the orbital position of 
the moon when she is on the meridian at each of the two places, and 
comparing the results, we obtain a knowledge of the space which has 
been travelled over by her during the intermediate interval ; and by 
means of this result, and the theory of the moon's motion, we readily 
determine the time occupied by her in passing from the one meridian 
to the other, which obviously leads to a knowledge of the difference of 
longitude between the two places. This method is characterized by 
several disadvantages, one of which consists in the fact that an error of 
one second of time committed in observing the instant of the passage of 
the moon over either meridian, would entail an error of thirty times 
that amount upon the resulting value of the longitude. Better 
methods have been devised by astronomers, founded upon observations 
of eclipses of the sun, and of occultations of the fixed stars by the 
moon ; but such phenomena are of comparatively rare occurrence, the 
computations are intricate, and are complicated profoundly with the 
theory of the moon's motion. 

A method for ascertaining the difference of longitude between two 
Observatories, which has been extensively used in the present century, 
consists in transporting, by means of chronometers, the local time as 
determined at one of the Observatories to the other Observatory, and 
in this manner comparing together the local times of the two Observa- 
tories, a process which manifestly gives their difference of longitude. 
Three celebrated determinations of longitude have been executed by 
the transportation of chronometers between two distant places. In 
1844 the difference of longitude between Greenwich and Yalentia, a 
small island on the west coast of Ireland, was determined by this 
method. Yalentia is the most western position of the Britbh Isles; 
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and as it lies nearly in the same latitude with Greenwich, it is favonr' 
able for the measurement of an arc of considerable extent upon the 
earth's surface perpendicular to the meridian. The object which Mr. 
Airy, the Astronomer-Royal, proposed, in determining the difference 
of longitude between Greenwich and Valentia, was to ascertain how 
nearly the result agreed with the difference of longitude assigned by 
the great triangulation of the British Isles, with the view of discovering 
whether any alteration was necessary in the elements of the earth's figure 
which had been assumed as the basis of the Ordnance Survey operations. 
The observed difference of longitude was determined by the transpor- 
tation of thirty chronometers to and fro eight times between Greenwich 
and Valentia. The result agreed very closely with the computed 
difference of longitude, insomuch as to induce Mr. Airy to conclude 
" that no improvement could be made in the earth's figure, so far as 
relates to the circumference of a paraUel, or to the measure of one 
second of space on the arc perpendicular to the meridian, and that, in 
latitude 51° 40' the length of one second of space on such an arc 
measures 101*6499 feet. The difference of longitude between Green- 
wich and Valentia has also been recently determined by the transmission 
of galvanic signals, and the result jH'esents a most satisfactory agree- 
ment with that obtained by the transportation of chronometers. In 
the same year of 1844 the difference of longitude between Greenwich 
and Pulkowa, the Imperial Observatory of Russia, was similarly deter- 
mined by the transportation of chronometers. Altona, in Schleswig, 
was chosen as an intermediate station. Sixty -eight chronometers were 
carried sixteen times between Pulkowa and Altoiia, and forty-two 
chronometers crossed the German Ocean sixteen times in the trans- 
mission between Altona and Ghreenwich. The resulting longitude was 
Taluable, not only in establishing the astronomical relation between 
the Observatories of Greenwich and Pulkowa, but also in connecting 
the great system of triangulation in the east of Enrope with the 
British and French arcs of the meridian, and their respective triangula- 
tions. The third famous operation of this kind is the determination 
of the difference of longitude between the Observatories of Liverpool 
and Harvard College, Cambridge, U.S. In 1850 as many as 175 
chronometers were transmitted in the Cunard steamers between the 
two Observatories. The operation was repeated in 1855, when fifty 
chronometers were transported three times. The resulting longitude 
forms the connecting link between Greenwich and all the other lon- 
gitude determinations of the New World. It is doubtless entitled to 
a high degree of confidence; but when the Atlantic cable has been 
successfuUy laid, it will be interesting to ascertain how nearly it 
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approaches to the result furnished by the more improved method 
founded upon the applioation of electrical science. 

The determination of the difference of longitude between two places, 
bj the transmission of electric signals between them, was first practised 
in America, in the year 1S49, in the operations connected with the 
United States Coast Survey. The method has since been employed in 
various forms, and the longitudes of numerous places, both in Europe 
and America, hare been determined by its application. Towards the 
dose of the year 1863 an electric wire was laid between this Observa- 
tory and the College, with the view of being used for the transmission 
of true time to the city of Glasgow. An unbroken metallic com- 
munication having been thus established between the Observatories of 
Greenwich and Glasgow, the determination of their difference of 
longitude, which had been so much desired, now presented itself as an 
object of practical realization. Professor Grant accordingly com- 
municated on the subject with the Astronomer-Boyal, who most 
kindly acceded to his views, and placed the resources of the Boyal 
Observatory at his disposal for the efficient determination of the 
difference of longitude of the two Observatories. Shortly afterwards, 
upon a representation kindly made to them by their chief engineer, 
Mr. C. F. Varley, the Electric and International Telegraph Ca most 
courteously granted the use of a wire from Glasgow to London during 
the whole of the time which would be necessary for carrying the 
operations into effect The Company also supplied the Observatory 
with the necessary batteries, a recording apparatus, and the valuable 
assistance of Mr. Lessels, their resident en^neer. 

The period of operations extended from 18G5, April 28, to 1865, May 
26. The method employed on the occasion is extremely simple. When 
a star passes each of the wires of the transit telescope of the more 
eastern of the two Observatories, the observer, by tapping a key with 
his finger, completes a galvanic circuit, and the instant of transit is 
recorded on the chronographic apparatus of the Observatory ; but the 
galvanic current, instead of g^ing to earth, is made to pass along the 
line-wire to the recording apparatus of the distant Observatory, upon 
which also the instant of transit is in the same way recorded. A 
process exactly similar is repeated when the star comes to the meridian 
of the more western Observatory. In this manner each signalling star 
supplies two pairs of recorded transits, from which are derived a value 
of the difference of longitude, and also a value of the time occupied by 
the electric fluid in its passage from the one Observatory to the other. 

The observers at Greenwich were Mr. Dunk in, Mr. Criswick, and 
Mr. Carpenter. The observer at Glasgow was Mr. Plummer. The 
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personal equations of all these observers have been determined at 
Greenwich. The observations in the present instance are accordingly 
all reduced to those of Mr. Dunkin, the standard Greenwich observer. 

The stars selected for signalling purposes were twenty -eight in number, 
and were arranged in four groups of seven stars each, in such a manner 
that when the last star of any of the groups had passed through the 
telescope of the more western Observatory, the first star of the follow- 
ing group was shortly afterwards to enter the telescope of the more 
eastern Observatory. By this arrangement the signalling at the one 
Observatory was prevented from interfering with the signalling at the 
other. Stars were signalled on every favourable night between April 
28 and May 26. It frequently happened, however, that while stars 
were visible at one of the Observatories, they were wholly invisible at 
the other. As may be readily conjectured, the Glasgow Observatory 
was in general more unfavourably circumstanced in this respect than 
the Greenwich Observatory. In fact, it was found that while Green- 
wich signalled as many as 185 stars to Glasgow during the period over 
which the operations extended, Glasgow signalled only 117 stars to 
Ghreenwich. These two numbers may therefore be considered, so far, 
as an indication of the relative goodness of the climates of Greenwich 
and Glasgow. In order that the method employed might be carried 
into complete effect, it was necessary that the signalling stars should 
be observed at both Observatories on the same night. In consequence 
of the generally unfavourable state of the weather this was found to 
be impracticable, except on four nights — May 1, 2, 22, 25; and it is 
upon the restdts obtained on these four nights that the determination 
of the difference of longitude between the two Observatories is ex- 
clusively based. 

A comparison of the time of transit of a star as observed at Gh'eenwich, 
and recorded on the Greenwich chronograph, with the time of transit 
of the same star as observed at Glasgow, but recorded oIbo on the 
Oreenwixih chronograph^ furnishes a value of the difference of longitude 
of the two Observatories, but a value too great by the time which the 
electric fluid occupies in passing from Glasgow to Greenwich. On the 
other hand, a comparison of the time of transit of a star as observed at 
Glasgow, and recorded on the Glasgow chronograph, with the time of 
transit of the same star as observed at Greenwich, but recorded also on 
the Glasgow chronograph, supplies a value of the difference of longitude 
of the two Observatories, but a value too small by the time which the 
electric fluid occupies in passing from Glasgow to Greenwich. This 
will be easily understood when it is considered that the time of transit 
of a star at Glasgow exceeds the time of transit of the same star at the 
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mwe eafltem Observatory of Greenwich, and that the excess of the one 
result over the oilier ia increased in the caac of the star being signalled 
from Glasgow to Greenwich by the time of passage of the electric fluid ; 
whereas in the case of a star being signalled from Greenwich to Glasgow, 
it is the Greenwich time of transit — that is the smaller of the two — 
which is increased by the time of passage of the electric fluid, whence 
the excess of the one result over the other is necessarily made Uu by 
the same quantity. Hence the apparent longitude derived from the 
Greenwich registers of a signalling star ought to exceed the apparent 
longitude derived from the Glasgow renters of the same star by twice 
the time which the electric fluid occupies in passing between Greenwich 
and Gla^ow. It b plain, from this circumstance, that half the sum of 
the apparent longitudes indicated by each signalling star will give a 
value of the true longitude, and that half their difierance will give a 
value of the time occupied by the electric fluid in its passage from the 
one Observatory to the other. 

The following results, extracted from the observations of May 2, 
are given by way of illustration. The minutes in the second, third, 
and fourth columns are omitted: — 
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The following are the resulting values of the difference of longitude 
for the four days of signalling: — 

Mayl, . . . 17 m. 10-680 sec. I May 22, . . . 17 m. 10-493 sec. 
— 2, . . . 10-648 „ 1—26,. . . 10-463 „ 

Combining these results tc^ther, with a due regard to the number 
of signalling stars on each day, we obttun the longitude of the transit 
circle of the Glasgow Observatoiy, 

17 m. 10-65 sec. W. 
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This result differs only a little more than a tenth of a second from 

any of the foregoing indiyidual values. The value of the longitude in 

arc is 

4r IT 38" 26 W. 

For the time occupied by the electric fluid in its passage from the one 
Observatory to the other the result obtained was — 

0*029 sec, or l*30th of a second nearly. 

Assuming the distance between the two Observatories to be 400 miles, 
this would indicate a velocity of about 12,000 miles in a second. 

Pbofessor Gbant expressed his warm acknowledgments to the 
local officials of the Electric and International Telegraph Company, 
who were most obliging on all occasions, and rendered very effective 
aid in the conducting of the operations. 

Professob William Tuomson said he had listened with much 
interest to the account which Professor Grant had given of the recent 
important operations for determining the longitude of the Glasgow 
Observatory. There were several curious circumstances which sug- 
gested themselves in connection with these operations, one of which 
was this, that while the individual values of the longitude, as derived 
from the signalling stars on the same day, agreed in general within a 
few hundredths of a second, the mean values for the separate days pre- 
sented a difference of as much as two-tenths of a second. He would 
like to know from Professor Grant how this was accounted for. 

Pbof£8Sob Gbant, in reply, stated that the circumstance, beyond 
doubt, was attributable to minute outstanding errors in the adjustment 
of the instruments used at the two Observatories in the signalling of 
the stars. Such minute errors would not exercise any appreciable in- 
fluence on the individual results inter se for any given day, the sig- 
nalling stars being, for convenience in other respects, confined within a 
comparatively narrow range of north polar distance. 

Pbofessob William Thomson remarked that it would be expedient 
if operations of this nature were repeated from time to time, as it was 
probable that the longitude so determined might vary to a slight 
extent from the difference of local attraction caused by the extensive 
mining operations carried on in the country. He would like to know 
whether a comparison had been instituted between the longitude of the 
Glasgow Observatory, as deduced by Professor Grant in the present 
instance, and the corresponding result computed from the triangula- 
tions of the Ordnance Survey. 

Pbofessob Gbakt stated, with reference to Professor Thomson's 



Phofessob Gaiedkeb on the FuncUon of Articulate Speech, 87 

last remark, that he had recently some conversation on the subject 
with Lieutenant T. P. White, of the Boyal Engineers, the superin- 
tending officer of the Ordnance Survey in Glasgow. Mr. White was 
not aware of any geodesical determination of the position of the Glas- 
gow Observatory having been effected in connection with the operations 
of the Survey ; but he kindly stated that he would write to the Head 
Office in Southampton, and would in due course supply him with the 
required results, if any such had been executed. He hoped, therefore, 
on some future occasion to lay before the Society the result of the 
comparison alluded to by Professor Thomson, which could not fail to 
be interesting. 



VIII. — On the Function of Articulate Speech, and on its connection 
with the Mind and the Bodily Organs; illustrated by a rejerenoe to 
recent Observations on certain Diseased States of the Brain. By W. T. 
Gaibdneb, M.D., Professor of Practice of Physic in the University 
of Glasgow. 

Bead March 7, 1866. 



The subject of this paper is one which I have been led to believe might 
be interesting to the Philosophical Soeiety of Glasgow, inasmuch as it 
concerns a faculty that, in the most ancient records of the human 
race, has been singled out as specially characteristic of humanity; a 
faculty which undoubtedly is closely connected with all the most 
glorious attributes of humanity — with those functions of man wherein 
he most plainly differs from the rest of the animals, and most defi- 
nitely reflects the divine image in which he was created. When, in 
the second chapter of Genesis, God is represented as bring^g every 
beast of the field and every fowl of the air to Adam *'to see what he 
would call them;" and when it is said that "whatsoever Adam called 
every living creature, that was the name thereof; and Adam gave names 
to aU cattle, and to the fowl of the air, and to every beast of the 
field," — there is surely something sigpiified in this remote and venerable 
tradition beyond a mere act of arbitrary nomenclature. It is, if I 
mistake not, a witness to the antiquity of the belief that the devising of 
some form of articulate speech must have been one of the first acts of the 
essentially human free will ; and further, that the first effort of speech 
beyond a mere inarticulate cry must have been the mental discrimina- 
tion, and afterwards the designation, or naming, of objects by a kind 
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and quality of mental effort differing from that which is possible— even 
after ages of education by the side of man — to the dog, the horse, or 
the elephant, or even to our quadrumanous cousin (as some will have 
him) the ape, with his wonderful mimicry of the lower attributes of 
humanity.* Slo, too, when it is said afterwards in the same record, 
that '' the whole earth was of one language, and of one speech," 
and that by means of this community of language the foundations 
were laid of that tower whereby the aspirations of humanity became 
apparent — whereby it became possible to hope that man might yet 
scale the heavens, and sit in the seats of the gods, so that Q-od 
himself said, ''The people is one, and they have all one language; 
and this they begin to do : and now nothing will be restrained from 
them, which they have imag^ed to do. Go to, let us go down, and 
there confound their language, that they may not understand one 
another's speech," — it is impossible not to recogpiize in this poetic 
legend the impression, early implanted in the human race, that 
the faculty of speech is by far the greatest and proudest of human 
corporeal factdties; so great and so proud that when skilfully employed, 
it will sway men almost irresistibly for good or for evil, and become a 
power Uterally all but infinite, subduing almost everything, except 
omnipotence, to the will of man ; ay, and at times even appearing, in 
the recklessness of its unscrupulous aspirations, to defy the power of 
God himself. But it is not my object at present to follow out these 
ideas, or to enter upon or suggest disputed questions of philology, or 
of ethnological science. I put these forward simply as preliminary 
considerations, tending to show the sources of interest which scientific 
men of all classes, — theologians, metaphysicians, physiologists, eth- 
nologists, ' students of language of every kind — ^may find in researches 
having for their object the more difficult and obscure relations of the 
faculty of speech with the mental and bodily organs through which it 
is produced. 

* ''We must concede to animals (says Professor Max Mttller) 'sensation, 
perception, memoxy, wiU, and judgment ;* but we cannot allow to them a trace 
of what the Greek caUed L6go&—L e., reason, literally gathering, a word which 
most rightly and naturally expresses in Greek both speech and reason. L6go8 
is derived fr6m ISgein^ which, like the Latin legere^ means, originally, to gather. 
. . . L6go8, used in the sense of reason, meant originally . . . nothing more 
nor less than the gathering up of the single by means of the general . . . Bnt 
LdgoSj used in the sense of word, means likewise a gathering ; for every word, 
or at least every name, is based on the same process : it represents the gather- 
ing of the single under the general As we cannot teU or count quantities 
without numbers, so we cannot tell or recount things without words." — Max 
Miiller, Lectures on tlie Science of Langxiage,, 2nd series, Lecture IL, pp. 63, 64. 
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For the same reason as is suggested above, — viz., that I desire for the 
most part to adhere to facts within the reach of personal verification, 
and not to express opinions on difficult and doubtful questions of 
primary science or philosophy, — I refrain from discussing the mode of 
origin of language, or of languages, and particularly, the mode of out- 
growth of complex expressions from more simple ones; a subject which 
has never ceased to have a great interest for me since I read the 
Diversions of Purley nearly a quarter of a century ago, but on which, 
nevertheless, I feel very little able to enlighten the members of this 
Society. It may, perhaps, be taken for granted, amid all the differences 
of opinion on this subject indicated by Max Miiller and others, that 
najMa or nouns are, in a certain sense, the aboriginal nuclei of articulate 
speech, and that between the utterance of an inarticulate cry or 
inteijection, such as might be used by any dumb animal in obedience 
to its primary instincts, and the measured and stately periods of a 
Demosthenes, there lies, as a first step, a certain special intellectual 
process peculiar to man, in virtue of which he alone of. all animals is 
competent to overleap the gulf between the mere recognition of an 
object, and the designation of it through those bodily organs which 
the Creator has specially framed so as to give ample expression, 
in evexy stage of civilization or of barbarism, to the thoughts and 
emotions of " articulate-speaking men." * 

What is the nature of this first and simplest process of human 
utterance? To what defects is it subject? With what mental 
attributes is it related? How does it stand related, for instance, 
to menwry^ reflection, emotion, intellect, pure reason? Can it be dis- 
tinctively viewed as a separate faculty, and if so, how brought into 
connection with the other faculties? Can it be supposed fb have a 
separate seat in the bodily organ of mind, the brain, and to be the 
subject of separate physiological and pathological derangements? 
What is, or what would be (if we could come to know it), the state 
of a man in whom all his other powers remained, but in whom wo 
may suppose that not only words, but the very idea of words, had 
been totally and suddenly lost? Have we any experience of 
such a state? And if, after investigation, we feel bound to admit 
not only that such a condition is conceivable, but that, in various 
degrees, and with various modifications, it actually exists, on what 
principle should we view such mutilated specimens of humanity, I 
do not say in relation to their cure (for I do not wish to make this 

* See Note at the end of the text of paper on the primary Roots, or Nuclei, 
of Articulate Speech; and |)articiilarly on the relation of the noun to the verb 
in primitive languages. 
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Society an arena for strictly medical questions), but in connection with 
questions of legal capacity, personal and political freedom, moral 
responsibility to God and to man ? 

Such are some of the questions that will be raised by the facts I 
have to state to you to-night, and which, I venture to think are well 
worthy of the attention of the Philosophical Society. I shall not, 
however, attempt to answer, or even to discuss in a thorough and 
satisfactory manner, most of these questions. My object is rather to 
furnish you with materials for their discussion, or at least to suggest 
them to the minds of thoughtful men in every department of scientific 
inquiry, by means of facts drawn from the realm of disease ; of which, 
therefore, a physician may claim, without presumption, to be an 
instructor of men much wiser than himself, provided he keeps faithfuUy 
within the boundaries of his own carefully-watched experience, or 
the experience of others whom he knows to be trustworthy and skilful 
observers, and thus worthy of your attention. 

In the present instance the class of facts I have in* view is one 
which has formed the subject of a brilliant discussion in the Acad^mie 
de M6d^ine in Paris, and which, besides having been casually noticed 
by numerous observers from an early period, has been most elaborately 
illustrated of late by MM. Auburtin and Broca,* and by M. Trou8seau,t 
who has given to the condition above referred to the name of Aphasia — 
a name approved by the distinguished Gh*eek scholar M. Littr^, and 
which will probably displace the names o£ Apltemia and AkUia^ applied 
by other observers. But for those who may be desirous of arriving by 
a comparatively short route at the medical conclusions of all these 
observers and others, stated in a remarkably accurate, thoughtful, and 
entirely Crustworthy manner, though more technically than will be 
possible to-night, I can recommend with confidence a short paper in the 
Edinburgh Medical Journal for March, 1866, by my friend Dr. 
Sanders, who has been kind enough to fiivour ua with his oompany at 
this meeting, and may probably be aUe to contribute something to the 
disciission of this paper. 

Now and then iu our hospitals, now and then in private practice, 
and occasionally, but (so far as I have had opportunities of learning) 
rather rarely in our asylums, cases occur of which the following may 
be regarded as a generalized description. The persons referred to have 
been the subject of symptoms of some kind referred to the brain, 
usually sudden, sometimes with, but sometimes also without, a 

* Soci6t^ d^Anthropologie de Paris, 1861, in Oaaette SebdomadcUre, 
t Clinique MidkdU de CHotel-Dieu, Tome 2 (2d edition), ch. 68. 
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manifest disturbance of tbe intellect. Sometimes there has been an 
epileptic attack, sometimes a disorder more resembling apoplexy; in 
the latter case there is often paralysis, and the palsy is then (curiously 
enough) almost invariably upon the right side of the body, and upon it 
only. The palsy may be of every degree of completeness; the patient 
may be confined to bed, or not; he may be unable to walk at all, or 
may walk with difficulty, or only with a very slight halt ; he may be 
unable to move his right arm,' or to hold a pen, or there may be scarcely 
any perceptible diminution of power; he may be more or less altered 
in the expression of his face, from palsy of one side of the mouth; in 
many cases, however, he has complete command over the movements 
of the tongue and lips, at least to such an extent as to show that it is not 
from paralysis that he is unable to carry on a conversation. The states 
of the intellect and consciousness are equally variable: sometimes there is 
greatly diminished sensibility to external impressions, with apathy and 
listlessness, or inattention to the demands of nature; at other times 
there is the most acute sensibility, with apparently strong desire on 
the part of the patient to communicate the emotions which affect him; 
he will nod, wink, laugh, weep, look pleased or angry, give every evidence 
of strong affection towards those he loves, and be not at all sparing in 
demonstrations of dislike to those with whom he is offended; he will 
even be very obstinate, insist on what he thinks to be his rights, take 
bis place at table, will carve, pour out and drink wine, and generally do 
the honours as a host, sometimes with a certain awkwardness, but in 
other cases with grace and courtesy ; he will dress and undress himselfi 
will come and go at regular hours, and behave in most respects like 
other persons living in a family; he will play such games as back- 
gammon and croquet, or even whist, without any vexy important errors, 
and in some cases as well as ever in his Ufe; he will observe anything 
that is out of its place, and will rectify it; and so far from being a 
passive or apathetic being, he will often insist on having his own way, 
and will show great vexation if his desires are interfered with. In one 
case, for example, of this kind which I had special opportunities for ob- 
serving, the patient could hardly be restrained from behaving as if he 
was in the most absolutely sound bodily and mental health. Having been 
attacked about the 9th of August, and having been for some days in a state 
of partial insensibility, his very first thought, apparently, on emerging 
from this, was of his gun ; and for many days after he had so far 
recovered as to be able to leave his room, he busied himself in searching 
everywhere for powder and shot, which had been carefully put out of 
his reach ; showing, moreover, in a way almost alarming to his relatives, 
his strong displeasure at being debarred from bis coveted sport; yet 
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this gentleman, at a subsequent stage of his disorder, finding a gun in 
the house belonging to a visitor, and loaded, was so far guided by his 
habitual sense of order and propriety as to interfere immediately, and 
very judiciously, with what he considered to be an unsafe arrangement, 
to remove the percussion caps carefully, and lay both them and the 
gun aside in what he thought safe positions, where they were found 
with some difficulty by their proper owner. In short, although from 
circumstances presently to be stated there is a great and almost in- 
superable difficulty in arriving at a just estimate of the mental condi- 
tion of patients in what I am about to describe as the Aphasic sUUe, it 
is evident in many of these cases that the mind is at least so far 
unaffiscted as to permit of the exercise of all its ordinary active functions 
to a certain extent, and there is no direct proof of even seriously 
impaired intelligence; while it is equally plain that all the ordinary 
emotions and voluntary acts, with the single exception of those im- 
plicated in the expression of the thoughts in words, are performed 
without much^difficulty, and ofben in a perfectly normal manner. 

But as regards this Junction ofarticiUcUe speech, — or rather as regards 
every faculty that centres round a toord^ or a name, as the represen- 
tative of a thought, — there seems to be, in these cases, some mysterious 
barrier interposed between the thought and its expression ; and it is 
rather remarkable that it is always the primeval faculty of naming 
objects (or of distinctively designating ideas present to the mind as objects 
of thought), rather than the more conventional forms of ordinary speech, 
that is most apt to sujQTer in these cases. In the more trivial cases of 
aphasia, indeed, there is little else, apparently, than an aggravation of 
a very common defect — the liability to forget, or to be unable to find 
the name of a thing, or of a person, when wanted. Thus, I have 
known an aphasic who could conduct an ordinary conversation pretty 
intelligibly, but who never could, even afber repeated trials, name the 
days of the week, or even any two of them, in succession. He would 
say of Monday, that it was ''the first working-day," and of Satur- 
day, that it was "the day before the Sabbath." He would say of his 
aunt, that she was his "nearest relation by the mother's side," and 
would repeat this again and again. The same man had completely 
fulfilled what we are accustomed to hear ordinary and every-day people 
speak of as the acm^ of forgetfulness, when they cannot find a word — 
he had in fact forgotten, or at least could not give utterance to, his 
own name, and never could be made to pronounce more than one-half 
of it during the time I had him under observation. He was, however, 
perfectly aware of his own defect, and was even amused at it; nor 
would it have been easy to persuade him that the defect of utterance 
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was anything more than a slight infirmity of memory, as he was to 
all appearance quite intelligent, and able to communicate what he 
had to say, for the most part, with only slight and occasional 
difficulty ; which could be got over, and was usually in fact got 
over, by some process of circumlocution. When first seen, indeed, 
this man talked so much unintelligible gibberish in the night that 
the nurse of the infirmary ward thought he was evidently delirious ; 
but he had no difficulty in explaining to me next day that this was 
not at all the case; that he was perfectly aware of his own condition, 
and was apparently passing over from a state of perfect aphasia into 
the modified condition above described; that he was, in fact, practising 
speech, and that deliberately ; that he felt he was " getting better 'and 
better every hour," and that he had "now got a better way." The 
earnestness with which this patient repudiated the imputation of 
delirium was most remarkable ; and the very clear way in which he 
managed to convey his own impressions of his case, even while his 
tongue was so much paralyzed that he had to lay hold of it with his 
fingers in order to draw it out at my request, was a complete practical 
refutation of the idea that mental incapacity, in any ordinary sense of 
the term, was the source of his defect of utterance. This man, like 
the majority of aphasics, had sufiered an attack of paralysis on the 
right side.* 

While this paper is passing through the press, I have been enabled, 
through the kindness of Dr. Weir, to see another most instructive case 
of aphasia with paralysis of the right side, which has some interesting 
points of relation, and also of contrast, with the foregoing. In this 
case the patient is a lady, most carefully and intelligently tended by her 
husband and by a daughter, who have devoted themselves to the 
systematic education of the dormant faculty for the last two years; a 
consideration of no small importance in the estimate of what follows, 
and one which gives to cases of this kind, observed in the privacy of the 
home, and among afiectionate relatives, a far higher value in general 
than can be attached to cases in hospital practice. This lady suffi)red, 
about two years ago, an attack of nearly complete insensibility, lasting 
for two or three days, and then passing gradually off, but followed at 
an interval of some days by paralysis of the right side, afber which she 

* A patient, whose case has been communicated to me, who is, like this man, 
paralyzed on right side, and acutely sensiblo of his own condition (having l)een 
a man of cultivated tastes and much addicted to reading), deplores very fre- 
quently and pathetically his inability to follow his usual pursuits ; and in con- 
versation, when he misses a word, ia in the habit of saying, with expressive 
gestures, — " Ah! it's gone ! gone into the waste-paper basket! " 
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became quite suddenly speechless, and also unable to protrude the 
tongue. She has since been subject to occasional, and not very 
severe, epileptiform attacks, but in the intervals has always preserved a 
considerable degree of intelligence, and since her partial convalescence 
has even entered with a renewed interest into the details of the family 
life. She recovered the use of her limbs to a considerable extent, and 
also all the ordinary movements of the tongue; she became able, also, 
to mutter a very few words now and then, and to follow with intelli- 
gence and interest the course of ordinary conversation, or of reading, 
within certain limits; but even now her attempts at conversation, 
although guided apparently by a wonderfully clear intelligence, and by 
the 'most unquestionable evidence of a keen and sustained interest in 
what is said to her, for the most part end in quite inarticulate sounds, 
or at most two or three brief formulse of words. In this case, as in the 
preceding, there may, no doubt, have been at first a mixed condition 
of aphasia proper with paralysis of the organs of speech. But as 
regards the state of the mental capacity, I cannot better define the 
state of my own impressions than by means of the following dialogue, 
which I give nearly as it occurred ; if, indeed, that may be called a 
dialogue which was conducted on one side almost entirely by signs, and 
by inarticulate sounds aided by signs. Taking her hand afber a 
lengthened investigation, in which she listened with keen interest, and 
even with eagerness, to everything that was said on her behalf by her 
husband and daughter, I said, — ' Madam, pray attend to me now very 
closely, for I wish to be sure that you understand thoroughly (a move- 
ment of intelligent sympathy). Are you sure that you understand ? 
(a quick and eager nod.) Your right hand is weak, but you can knit 
quite well with your lefb ? (affirmative nod.) Could you not write with 
your left hand ? (sign of doubt.) I know a lady much older than you, who 
learned in a veiy short time to, write with her left hand when her 
right was disabled — Will you try ? (affirmative nod.) You must take 
lessons every day, and see what you can do (many and most emphatic 
nods). Now, there is another thing. Tell me this, and be sure you 
follow me. Do you understand every word I am saying ? (affirmative 
nod.) Quite well P (the same.) Now, observe; when you first began 
to recover from the palsy was it so ? (oh, no !) You did not under- 
stand then ? (negative sign.) Did you not understand a word ? (the 
same.) You have learned, then, gradually to follow what is said to 
you ? (affirmative sign.) And you now have no difficulty in under- 
standing what at first you could not follow ? (the same.) Well then, 
I will tell you what is your condition at present — listen. You have 
got back the idea of the words ; you know quite well what you are 
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thinking, and what yoa mecm to speak, but you have lost hold of the 
machinery — is it not so ? (emphatic assent.) The machinery is out 
of gear — it has been long out of use — it wants to be practised and 
used — ^you must go to school again and learn ; but you have got over 
the great difficulty — the words are there, in your head (a quite clearly 
intelligent assent). Set to work then, immediately, and try what you 
can do both in writing and speaking. You will come to it in time.' 
Throughout all this conversation it is impossible to convey on paper 
a sense of the clear, intelligent apprehension of every separate phrase 
which the patient managed to convey by means of action ; but it was 
felt both by Dr. Weir and myself to be consistent only with the idea 
of a state of mind, if not absolutely unimpaired, at least as little 
impaired as it is possible to conceive in so shattered a state of the 
nervous system ; and certainly in no way differing from the state of 
mind of many of those hemiplegic patients who have the most com- 
plete command of the faculty of speech.* 

And here it seems necessary to establish clearly a distinction, which 
is of the first importance as regards what remains to be said. Aphasia 
of the kind here indicated, and probably all true aphasia, in the scien- 
tific sense of the word, is something entirely different from mere paralysis 
of the organs of vocal expression, even when those organs are, or may 
be supposed to be, paralyzed. And the proof of this is twofold. For 
first, Aphasia may be so complete as to leave only a very few words 
capable of being spoken, and yet those few words may be pronounced 
BO as to show that there ia no paralysis. But, secondly, it is quite well 
ascertained by medical observation that no amount of paralysis will cause 
the degree of obstruction to the utterance, even of single words, that we 
observe in aphasia. The bodily organs of articulation are so multiform, 
and under the dominion of so extended a range both of nerves and 
muscles, that it seems to be quite impossible to produce speecJdesaness, 
in the sense of entire unintelligibility of utterance, by almost any 
amount of damage to these organs consistent with life. Thus voice- 
lessness, or aphonia, is quite common, but leaves the speech perfectly 
int-elligible. Paralysis of the lips may proceed to the most absolute 
immobility, so that the patient laughs a hollow laugh behind a face as 

* In a letter from this lady's husband, written after the above Lad been 
sabmitted to him for pemsal and correction, a very interesting addition is 
inddeatally made to the phenomena of Aphasia in this instance. *' I forgot to 

notice (he writes) a remarkable thing in Mrs. 's case ; she had a very 

fine ear for music, and now, though she cannot utter the words, she joins in 
our family worship, and follows the time as correctly as ever she did, taking 
every note, and sounding it sufficiently loud to enable us to hear the melody 
from her." 
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fixed and expressionless as a turnip lantern, and yet there will be no 
difficulty whatever in giving complete expression to the thoughts. 
In the extremest forms of hemiplegic paralysis, in which the tongue 
and face, severally or together, or the tongue, palate, and larynx 
simultaneously are affected; in the thick mumbling articulation of 
general paralysis of the insane; in the hurried and at the same time 
hesitating utterance of mercurial palsy, or of ordinary stammering, it 
is always possible to understand what is spoken, with a little more 
than ordinary attention. The extremely rare condition of complete 
paralysis of the tongue, on both sides* comes perhaps nearest to the 
ideal of paralytic speechlessness that might be confounded with aphasia; 
but even here it is probable that there would be a possibility of 
vocalization, in most cases sufficient to give some expression to the 
thoughts ; and at all events the rarity of these cases is such that they 
can scarcely affect our inferences. Nay, Mr. Syme has had, of late, a 
very curiously complete opportunity of pursuing the inquiry a step 
farther, and of showing, in the case of a patient who had recovered 
from the very formidable operation of removal of the entire tongue for 
cancerous disease, that the excision of this "little member'' which "no 
man can tame," even down to the hyoid bone, will not do much 
towards ridding the world of that " unruly evil" contemplated in the 
apostolic denunciation. In other words, it is made as plain as a fact 
can be made by an extreme instance, or instantia crucis, that intelligible 
speech is possible, nay, easy and wonderfully little altered, even in the 
absence of a tongue. So that complete and absolute inability to utter 
a single sentence, and sometimes even a word, as the spontaneous 
expression of deliberate thought, combined with the usually perfect 
articulation of the few words which can be spoken, or of the almost 
instinctive utterances which often arise under the influence of emotion, 
amount, when taken together in characteristic instances of the disease, 
to the most absolute demonstration that the aphasia state is in no 
way allied to paralysis of the muscular parts ooncemed in the mechanism 
of articulation. 

Now this peculiar infirmity, as I have said, may exist in every degree, 
from the occasional and temporary difficulty of finding a particular 
word, to the absolute suppression of every kind of articulate verbal 
expression, and also of every kind of voluntary associated movement 
founded on the mere idea of a word. There are also differences in the 
mode of manifestation of this peculiar disease which are well worthy of 
attention. In one well-marked case of aphasia without paralysis, or at 

• See one case of thijn recorded by Dr. Hughliogs Jackson, in London Hospital 
ReportSf voL i., i>. 368. 
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least absolutely devoid of all trace of paralyzed articulation, to which I 
have already made reference in this description, the patient, though 
carefully watched, and living in the constant society of affectionate 
relatives, was not known to have spontaneously named more than 
one person during his whole illness, and her only by the first articulate 
word of infancy, "Mamma." Yet this young man could very easily 
and very perfectly articulate such expressions as these, — " I want — I 
want — I want . . . , — Where's the . . . ," almost always 
stopping short at the name of the object, but on one or two occasions, 
at least, succeeding to the extent of repeating what he was in search 
of, afber some one else had used the appropriate word. On another 
occasion he puzzled for awhile over the name of a new acquaintance, 
and finally gave in to the suggestion of " Mr. Thingumbob," ' which 
he pronounced several times over without any apparent difficulty. 
Frequently he would say — "Oh, I don't care," or — "Oh, it's no 
matter," or — " I don't beheve," as a means of closing an attempt 
at conversation; and at last he became rather ingenious in conduct- 
ing himself so as to appear attentive to conversation, and would 
often throw in a remark or two of the kind above noted, which 
would leave on a stranger the impression that he had carefully followed 
what was said. What makes very striking the absolute inability to 
apply, and perhaps even to understand when applied, the distinctive 
names of his most familiar friends in this case, is that this gentleman 
had no difficulty whatever in following out all the personal suggestions 
that occurred in family conversation, whether indicated by signs, or by 
photographs, or by the actual presence of the persons named. But 
when I one day named to him his brother, afber the following fashion — 
"Your brother John — Jack, you know — John — Jack — has been ill, poor 
fellow," — it was quite clear to me he did not apprehend to whom the 
remark applied. I had taken pains, however, in so speaking, to make 
no suggestion, by signs or otherwise, as to the person indicated, and a 
moment afterwards, giving a hint by a gesture, it was followed up 
immediately, and responded to by a look of clear intelligence. On 
another occasion his mother gave him a sum of money, which he 
distinctly understood to be wages intended for one of the servants. He 
was very anxious to undertake the commission, and seemed perfectly to 
understand that he was to be the bearer of the money. " Now, pay 

that to " (naming a very old servant, with whom he had 

been acquainted since childhood); "the gardener, you know, 



" (repeated several times). He went off on the errand imme- 
diately, and gave the money, without a moment's hesitation, — to th^ 
coachman! There was something very singular in this combins^t 
Vol. VI.— No. 2. u 
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tion of complete intelligence as to the essential character of this 
mission, which he could easily infer from the fact of the sum 
of money itself, with complete failure as to the perso7i, to which 
he could only be guided by words; and this, I think, is extremely 
characteristic of a state of highly developed aphasia. Sometin)es, 
however, words which cannot be spoken spontaneously are clearly 
understood when spoken by others; at other times this seems not 
to be the case, and a word which in the normal state would be 
a familiar one, will be caught up and repeated mechanically, with- 
out any trace or shade of meaning being attached to it. Some- 
times an aphasic will have a vocabulary absolutely limited to ono 
or two words, either simple and common ones, as "Yes," or "No," 
or "Oh yes!" or mere inteijections and exclamations, or per})aps 
utterly unintelligible combinations, as in the case of one of M. 
Trousseau's patients, who for four months had responded nothing but 
"eatisisi " to every kind of address, and under all possible circumstances. 
"Whether be is in a passion or showing his gratitude, whether he is 
asking for a thing or refusing it," we are told in reference to this 
patient, "the *cousisi' invariably follows, over and over again. Never- 
theless, in moments of great irritation he articulates, 'Sacon, Sacon/ 
probably an abbreviation of the oath, 'Sacr^ nom de Dieul' " 

In regard to the use of oaths and other interjectional phrases, the 
facts are very carious. It is certain that aphasic persons who can 
articulate absolutely nothing else whatever, can sometimes give vent to 
an oath, or even several oaths, and no doubt they are sometimes 
greatly misunderstood in consequence of this peculiarity. I have 
always had a somewhat painful and regretful remembrance of a poor 
fellow who sought my aid in the Edinburgh Royal Infirmary many 
years ago, before the subject of this paper had attracted nearly so 
much attention as it has of late. He had fiillen down on the street, or 
had been found in a speechless condition, and was brought in by the 
police. I found him free from fever, from all appreciable pain, and 
from paralysis, but l|e could scarcely be brought to speak even a single 
word, and all communication was purely by signs. At last, in visiting 
the ward at an mmsual hour one day, I found he was being irritated 
and bantered by the other patients, who seemed to have niuch the 
iame notion of him that village boys have of the town ^'natural" (idiot), 
— viz., that he was a legitimate butt for all kinds of coarse satire, and 
perhaps that he was only half a real invalid. I called one of the men 
to me whom I knew well, and asked if he believed ■ was sham- 
ming? "*Deed, sir, it's very hke it," was the reply. "How do you 
make that out ? I'm sure he can t speak to tell you P'' — "Na, sir, but 
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he can swea/r whiles. I think, sir, a guid whuppin' wad be tlie cure o' 
him." — "Very well, friend, you may think what you please, but you 
must not allow the men to bother him. I don't think he is shamming; 
mind thaf I was not at this time fully aware of all the peculiarities 
of the aphasic in respect of swearing, but the result amply justified the 
poor fellow's good faith in applying for medical relief. He left the 
hospital very shortly afterwards, persecuted out of it, I am afraid, by 
his comrades in the ward, and was brought back in a state of insensi- 
bility, which ended in death in a few hours ; his brain being found to 
be the seat of a large number of minute deposits of cancer. 

One of M. Trousseau s patients, who had the remarkable and very 
exceptional peculiarity of paralysis on the lejl side of the body, had 
only two expressions when first seen — viz., "Ma foi!" and, on being 
provoked to speak, the mutilated oath, "Ore nom d'un coeur!" With 
these two expressions he answered all inquiries, and neither his name, 
nor his residence, nor anything whatever about him, could be dis- 
covered. He was accordingly dismissed from the hospital, but traced 
home by some of the officials, who succeeded in getting a history of 
him from some of his fellow- workmen. The attack was recent. The 
peculiarity of this case was, that while only the two expressions above 
mentioned were spontaneously used, and while no effort could procure 
either the name or the residence at first, the following conversation 
followed on his return to the hospital. "Are you not from Haute- 
Loire?" to which he replied like an echo — " Haute-Loire." "What is 
your name ? *' — "Haute-Loire." "What is your profession?" — "Haute- 
Loire." "But your name is Marcou?" — "Yes, sir." "You are sure 
your name is Marcou?" — "Yes." "What is your country?" — 
"Marcou.*' "Not at aU; that is your name?" And then, with a 
gesture of impatience, — "Cr^ nom d'un coeur!*' 

It seemed afterwards that this man was quite conscious of the mis- 
application of his words, and in many cases aphasic patients are acutely 
sensible of their own blunders, although quite powerless to rectify 
them. Thus, a man who said "oui" to everything addressed to him 
indiflferently, acquired the habit of marking by a significant gesture 
when he really meant "yes," and when, on the contrary, he meant to 
say "no." But "non" he could not say; nothing but "Oui — oui — oui." 
Marcou, on the other hand, was perfectly powerlt;j»s to originate a single 
word other than the last one suggested to him by its sound; but when 
objects were named to him, was quite capable of indicating when the 
right name was given, and when the wrong one. « 

It is not always the case, however, that the sense of the true mean- 
ing of words perverted in the use is even thus far preserved. A 
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lady, whose case is also mentioned by M. Trousseau, and who gave 
no other sign of impropriety or of imbecility of conduct, who was also 
the mother-in-law of a physician, accosted a visitor as follows: — she 
rose up with an air of kindness to receive him, and pointing to an arm- 
chair, said ^'Cochon, animal, fichue b^te!** which her son-in-law, stand- 
ing by, and fully cognizant of her wishes, translated thus — " Madame 
vous invite a vous asseoir." 8he was apparently quite unconscious of 
the insulting expressions she had used, or rather supposed them to be 
the most ordinary courtesies.* 

Possibly there was a similar unconsciousness in a case lately recorded 
in the Gazette dee HoepitauXy in which an aphasic patient had only one 
word, which happened to be one of the most foul and loathsome ob- 
scenities of which the French language is capable. With this explosive 
compound she went about everywhere, apparently very little sensible of 
the 'dismay and astonishment she was creating. 

There are many cases on record in which expressions more or less of 
the interjectional and explosive kind have emanated suddenly from 
aphasic patients by accident, and by a kind of surprise, as it were; the 
peculiarity of such utterances being that it was impossible to reproduce 
the same expressions by a voluntary effort. Such words as "Oh!" 
"Oh, dear!" "Dear me!'' "A -deary-day!" "God bless my Hfe!" Ac., or 
the once fashionable and universal English oath implying the reverse 
of a blessing, but really, as it was habitually used, meaning literally 
nothing at all; or the corresponding, but possibly a shade more 
refined, French blasphemies, especially the unfailing and most irra- 
tionally abused "Sacr^ nom de Dieu!*' have been in some instances 
almost the only utterances of aphasic patients beyond one or two of 
the simplest possible words ; and they have seemed to be rather elicited 
by emotion, guided perhaps by old habits, than produced by anything 
resembling voluntary effort. 

Of a similar kind is the expression "Merd!" which fell from a 
patient of M. Trousseau's on one occasion only — viz., when he had let 
fall his handkerchief, and a lady had picked it up and returned it to 
him. It seemed as though this word had been laid away from old habit, 
in some far-off comer of the mental organization, where it reposed 
beyond the reach of the volition, but ready for use when called up by 
the usual association of ideas. At all events it was found iu this man 

* A gentleman of nnqaestionable culture and good breeding, whoae case has 
been incidentally referred to above, firequently salutes his friends with the most 
peifect couztesy of manner, but using the expression ** brute," instead of the 
ordinary language of good society. Ho, however, is quite conscious of the 
impropriety, the objectionable word slipping from him as liper incuriam. 
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to be impossible afberwards, by any act of voKtidr)^ to reproduce tbis 
word, bis wbole vocabulary being tbe single monoiS^liable "Oui" — and 
tbis, too, used somewbat interjectionally; as be cotflcl not put it 
togetber slowly, altbougb be could point out tbe lettefsi t>i u, t, separ- 
ately wben named to bim by anotber. So, too, tbe p&tieht wbo so 
constantly repeated "Cousisi," could not be made, by any voliintary effort, 
to say eitber coucou or aisi, bis parrot-like process being absolutely 
limited in its range to tbese precise syllables couaisi in tbeir jnFecise 
order, like tbe tune of tbe barrel organ aPber tbe barrel bas been ^tot^ 
in tbe groove and tbe movement bas begun. ' V' 

Dr. Hugblings Jackson, wbo bas observed numerous cases of apbasl6>*,-* . 
disease witb tbe care and disciplined babits of an accurate clinical*.'/-* • 
observer, as well as tbe scientific instincts of a pbysiologist, bas some .•>'•' 
excellent remarks upon tbis subject of interjectional, or, as I bave called 
it, expUmve speecb, wbicb I tbink the Society will tbe more readily 
excuse me for reading, since they are as brief as tbey are tbougbtful 
and apposite. 

" Swearing is^ strictly speaking, not a part of language. It is a babit 
wbicb bas grown up from tbe impulse to add tbe force of passing 
emotions to tbe expression of ideas. It belongs to tbe same general 
category as loudness of tone and violence of gesticulation. Tbe dis- 
tinction of tbese from language as an intellectual act may be best 
illustrated by tbe remark Dr. Jobnson once made to a boisterous 
antagonist, *Sir, you raise your voice wbere you sbould enforce your 
argument.' Altbougb oatbs differ from mere alterations of tone, in 
tbat tbey consist of aHiciUcUe words, tbey are generally used in talking, 
not to express ideas, but to make up by vigour in delivery wbat is 
wanting in precision of expression. They may indeed be considered as 
phrases which emotion has filched from the intellect, to express itself in 
more definite terms than it could do by mere violence of tone or 
manner. For oaths bad once an intellectual meaning ; tbey expressed 
ideas, and were uttered witb a definite intention. Curses bave in fact 
formed an element in religious services ; but now-a-days intentional 
cursing is obsolete ; it bas degenerated to meaningless swearing, which, 
like cadence and gesticulation, is but a kind of 'commentary of tbe 
emotions [passions?] on the propositions of tbe intellect.' Vulgar 
people insert an oath ' at the proper intervals of their speech' as a 
sort of detonating comma, and thus tbey render forcible, statements 
wbicb might otherwise strike their bearers as commonplace."* 

It may be questioned, I think, whether tbis principle will not extend 
even a step further than is here proposed. I bave already remarked 

* LoruUm HospUal Reports^ voL i, p. 453. 
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that in all aphasic'-^tients, so far as I have observed, names, and 
especially the najjitepl' persons and things, are the parts of speech which 
seem to be mofeV^ffectually barred out from the possibility of utterance; 
and, indeed,;aE,»p£t6ient who has quite a little collection of stock phrases, 
including 4' gcmd deal of what appears much more difficult and complex 
in idea thaif the naming of an object, will often be utterly unable to 
tell his'd^n name, or that of any of his acquaintance, or to ask for the 
moHf^Qi^mon object in domestic use. I do not wish to prolong this 
di^Wi^ation, or I could give many instances of such phrases as "quite 

• _ # • 

,^ aWiurd — quite ridiculous,'* — " I don't believe— I don't care," — "I won t 
•^ *'.? * . . " — "It's no matter," — phrases the grammatical construction of 
•/•','• which is certainly much more complex than that of a simple noun- 
substantive, and which were nevertheless freely employed by aphasics to 
whom a noun-substantive, standing alone and as a separate object before 
the volition, was for the most part as absolute a hindrance as a five- 
barred gate to a cart-horse. And what makes the matter more curious 
is that the noun-substantive could sometimes be surmounted with 
comparative ease; could be occasionally brought in by the way, as it 
were, in the midst of other vocables, when it would have been impos- 
sible, I believe, for these patients to have pronounced any such word 
taken alone and spontaneously; as in the phrase ''It's no maUerj^ 
which I take to have been used as strictly automatically and without any 
true consciousness of the applied meaning of its individual parts, as was 
the "Ore nom cTun coeur" in the mouth of M. Trousseau's patient, or 
the too well known English expression of comparatively mild dam- 
nation (quoted by Dr. H. Jackson in one of his cases) by which a 
man's eyes (in particular) are supposed to be devoted to destruction, 
in a formula which, verbally construed, has absolutely no conceivable 
meaning, and therefore could not possibly be used, even by the coarsest 
and most profane swearer, except as a mere expletive. 

For the following interesting narrative bearing on this subject I am 
indebted to my colleague. Professor Pagan, to whom the case occurred 
in the Koyal Infirmary about s€^enteen years ago: — "A youth, about 
sixteen years of age, was admitted, under my care, to the surgical ward 
of the Infirmary, with well-marked symptoms of concussion of the 
brain. About two hours before admission he had fallen upon his head> 
on the deck of a vessel at the Broomielaw, from a considerable height, 
having missed his footing on the rigging. He remained in a state of 
complete insensibility for nearly forty -eight hours after admission, when 
he began to speak in a language which could not be interpreted, till he 
was visited by one of his shipmates, who told us that it was Welsh. (It 
was a Welsh vessel, and the patient was a native of Wales.) He talked 
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incessantly, and we were told that his words were not incoherent, but 
rather a narrative of past events — recollections, in short. He continued 
in this state for between two and three days, when he began to speak 
most unmistakable English; but every word nearly was an oath, and 
most horrible imprecations he uttered. During three or four days 
longer he may be said to have spoken Welsh and sworn English. As 
consciousness gradually returned, he ceased to speak Welsh and to 
swear English ; and when he recovered completely, after an illness of 
about twenty days, he spoke English and ceased to swear. There was 
no fracture of the skull, and but httle external injury." 

The explanation that seems to me, amid the confessedly g^reat 
difficulties of the subject, to come as near as any to a satisfactory one 
of these and other apparent eccentricities of utterance in the aphasic, 
is that the words which are most readily spoken are always those 
which are prompted, not by external observation and deliberate 
volition, but by some internal association of ideas ; the words being 
not so much deUberately spoken as set free (so to speak) by the 
fluctuating waves of emotion or of memory, which may be conceived 
to act upon the old established habits and latent capacities of the 
brain, very much as one wholly unskilled in music, or deprived for a 
time of his musical faculty, might let loose the tones of a barrel organ, 
without any direct personal cognizance of the music he is playing, or 
the precise combinations of movement he is calling into action. In 
other words, the aphasic is able to pronounce those words, and those 
only, that are called ovi of him, as it were, by trains of association of 
which he is only partially conscious at the time, acting upon forms 
and modes of expression which he may have learned to blurt out in the 
presence of similar associations long before his 4i8e^e, while on the 
other hand he is utterly unable to select deliberately an appropriate 
term from among many inappropriate, and to apply it with free 
rational choice, and a correspondingly determinate effort of volition, to 
the expression of a predetermined idea then and there accurately 
defined in the consciousness. And hence he stumbles most of all at 
names, which are at once the simplest, the most primeval, and the 
most detergiinate of all utterances, while he is comparatively expert 
at phrases, which are the mechanical slaves of habit, the vague 
expressions of the inner consciousness or of old associations; and, 
in many cases at least, he is quite at his ease and fluent in oaths, 
which are the senseless and often nearly meaningless expletives derived 
from a past vocabulary, and exploded, amid his verbal difficulties, 
with as little consciousness of mischief as when a somnambulist in the 
midst of deep sleep sets Are to a barrel of gunpowder. Without 
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being quite assured that all the peculiarities of the aphasic will 
submit to be tested by this criterion, I think it helps to explain 
the most obvious, and at the same time some of the most surprising 
facts of his condition ; e, g., his absolute inability to pronounce some 
phrases voluntarily, while the same phrases are readily and even pro- 
fusely poured out under mental excitement; the utterance of phrases 
en niasse which he is incompetent to utter in detail ; the confusion, 
misplacement, and often blank incapacity of utterance which specially 
bars the application of a noun or proper name to its object, even when 
that very noun or proper name can sometimes be elicited improperly 
by some roundabout process, in the midst of a phrase not so accurately 
determined by voluntary effort. 

The few accurately observed facts that we have as yet regarding the 
writing of the aphasic correspond, in the main, with the theory above 
mentioned. Notwithstanding some noteworthy exceptions (to appear- 
ance) in which aphasic individuals are said, on rather good authority, 
to have been capable of expressing their thoughts in writing, the usual- 
fact is certainly the opposite ; the aphasic writes at least as badly as he 
speaks ; and when he speaks not at all, he also writes not at all. Two 
circumstances interfere with the precision of this observation, as now 
stated: viz., — 1. The fact that in aphasia there is most commonly 
paralysis of the writing hand; and 2. The fact that there may be in 
real or supposed aphasia a complication with paralysis of the organs of 
articulation, which, again, may leave the writing hand free to express 
the thoughts. Cases have certainly been observed of apparently 
aphasic individuals who have been able to write with the left hand, and 
in some instances with the paralyzed hand, so as to be distinctly 
followed, and even to transact business ; but the cases of the opposite 
condition are to my mind so distinct and conclusive that I am driven 
to one of two suppositions (in the present state of information), to 
account for the exceptional cases; — either the alleged cases of aj^hasia 
with ability to write were not trite aphasia, but cases of sudden and com- 
plicated paralysis of the organs of articulation; or we must admit two 
perfectly distinct kinds of aphasia, only one of which affects the ideation 
of language, so to speak, while the other affects, in some complicated 
way as yet imperfectly studied, but perhaps differing from paralysis 
properly so called, the innervation of language, or rather of speech, 
while it leaves the ideation of it, on the one hand, and the mechanism 
of it through the writing hand, on the other, absolutely or nearly 
intact. Dr. Sanders and others compare this latter class of cases with 
the much better known "writer's cramp," in which the speech is unaf- 
fected, but the power of writing g^ne. I will not pursue this doubtful 
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question farther at present, observing only that I should be disposed to 
regard tnte aphasia as necessarily involving the idea of language, and 
therefore striking at the root of written as well as spoken language ; and 
there are quite enough of cases of this kind on record to show that the 
fact is sometimes so, and therefore to justify us in either limiting the 
definition of aphasia, or subdividing it absolutely into two different 
species, differing not only in degree but in kind. I am able here to 
present you with a specimen of the handwriting of an aphasic in- 
dividual of the first kind — that is, in whom the ideation of language 
was affected. The handwriting speaks for itself better than I can 
do; but I wish, while it is going round, to explain at this stage 
more exactly what I mean by the ideation of language, and to 
submit the term, with all possible diffidence, as subject to the cor- 
rection of friends more versed in philosophy and psychology than 
myself. The tfwuglU or idea which tends towa/rda verbal expression 
was not wanting in this gentleman; I have the most clear and 
multiplied proofs of that fact, from cii'cumstances, some of which have 
already been stated in a former part of this paper. Ideation in general, 
then, if you admit such a process, was practically undisturbed ; nor was 
the mechanical function necessary to guide the pen to the formation of 
letters wanting, as you will presently be convinced. But between the 
two-— between the idea tha>t strives to be embodied in a word and the 
word itself— 'ihGre was a gap which this person could not overleap to 
more than a very limited extent; and he could no more overleap it in 
speech than in writing, or in writing than in speech. The two kinds 
of effort on his part led to precisely the same conclusion as to his 
mental state, — viz., that although the idea tending towards expression 
was there, and the mechanical power of co-ordination of muscular effort 
necessary for speaking and writing was there also, there was something 
wanting between the two; and this missing link was, I think, the 
idea oftlie tvord itself, considered merely as a symbol of thouglU, apart 
both from vocal expression and from written expression. Now, observe 
how completely expressive this handwriting is, in connection with 
what I have presently to tell you of the state of mind I have now 
endeavoxired to define. There is no doubt at all as to what this person 
was intending to write on this page — no doubt that he was seriously 
and deliberately trying to express his own name and that of his sister 
in these five lines of straggling incomprehensible hieroglyphics. (See 
Plate II., No. 1 to No. 6.) You may try, but you w'ill not 
succeed (for I have tried the experiment repeatedly with various 
persons) in discovering the name of my poor friend. Were it other- 
wise, I should not, of course, be anxious to expose this little record of 
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him to your view. I shall not, of course, tell you what his name was. 
But I will say that in the five lines here submitted, I can only 
just detect here and there the merest trace of the name; in one of 
them something a little like the initial letters correctly placed, and in 
one transposed. It is plain that there has been a aea/rch after the 
name in the depths of the mental consciousness, and with a strong 
conviction that it ought to come, but it has not come, — no, not so 
much of it as that any of you can possibly guess anything like what it 
really is. I will tell you something more about the name, nevertheless. 
The Christian name is James. One of the two other names begins with 
A. Now, with the help of this you will trace, I think, both J and A, 
and perhaps you will have an inkling of the third initial letter. But 
of the rest of the name you will make nothing whatever, and, for 
reasons above referred to, I shall tell you no more about it. 

Observe, however, this further characteristic of the writing before 
you. In one or two parts of it there is a strange tendency to repe- 
tition of the letter A . In the first line there is apparently a violent 
effort after a t/ to begin with, which you can trace as breaking down 
ineffectually more than once, and then comes a scratch, and then an A , 
pretty well written, and then an ^S^, or perhaps an attempt at a t/ again, 
and then another A, and after that various unintelligible hieroglyphics, 
in which the letter a, however, comes in again once or oftener. In the 
second line there is a still worse attempt at a «/ than in the first, and 
then unintelligible characters with something like an a in the middle, 
and another, pretty distinct, at the end. In the third line there are two 
il's at the beginning following one another, and perhaps one or two 
others in the midst of the hieroglyphics. In the fourth there is a 
large and well-formed A , which ranks about the third letter, and traces 
of others. In the fifth there is scarcely anything recognizable at all, 
unless it be a «/ at the beginning, with up and down strokes which may 
stand for m or n all through. I told you that there was an initial 
A in one of the three names. Besides this you will see one or two 
attempts to dot an »; and there is a small t in the name. The scratches 
are not therefore perfectly arbitrary; they are obviously attempts, and 
persistent, one would say obstinate attempts, to force a way through 
difficulties which are found practically insuperable, into clear expres- 
sion; and they contain traces of the lost faculty sufficient, I think, 
to lead us some way towards a conclusion as to what it was that 
was lost. This comes out still more clearly from other specimens 
of this poor gentleman's handwriting, which I have in my pos- 
session, but cannot exhibit to you so completely as these, on account 
of their telling more than it would be right for you to know. A few 
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selected frs^^ents, however, are shown upon the lithographic plate in 
facsimile, and of these you may assume that wherever the writing is 
in the least degree intelligible, it was, in point of fact, written to a copy. 
(See Nos. 6-13.) Indeed, several of the specimens before me show 
that even when something like distinctness was attained in this way, 
the removal of the copy was followed almost immediately by a relapse 
into chaos. The watchful and kind relatives of this gentleman 
tried, in fact, to teach him to write, until it was clear that the effort 
was of no use, and he became himself discouraged, and would try no 
more. In the course of these attempts the intoxiccUian (so to speak) 
of his brain with the letter A is very apparent. Thus he begins the 
JamM with Jo on several occasions, ending either with unintelligible 
characters or with something like the real ending. The second name 
he almost always begins with an ^ or ^a, and the third name frequently 
in the same way. And these specimens were mostly written under the 
very eye of the tutor, and to dictation, letter by letter, of one who all but 
held the pen for him. At last we have a crowning triumph. He actually 
writes his own name and that of one or two of his relatives; but observe 
how it is done. The name is set for him as a copy, in plain and distinct 
characters, and he copies it much as you would copy Hebrew, or 
Sanscrit, or Chinese, if you only knew that there were letters there, 
and that they had to be imitated stroke by stroke; or rather, perhaps 
(to speak strictly according to the facts), as a man might be supposed 
to copy a language which he had once known how to write, but had 
almost entirely forgotten; the hand retaining, as it were, a certain 
amount of mechanical skill independently of the brain. The hand- 
writing BO produced, however, is very legible, and even bold. It is not 
at all like the cramped characters you see in the first samples, and is a 
complete answer to the notion which might otherwise be suggested, that 
there was a paralysis of the writing faculty as regards the mechanism. 
The real state of the case obviously is, that he could write perfectly well 
to a copj/y whenever he could be got to take the necessary trouble, but 
he could not think writing ; he could not, even to the extent of two 
or three lettera together, connect the st/mbol with the idea symbolized 
in a word, and all attempts to make him do so resulted in a senseless 
repetition of A a, with an occasional attempt at a t/ or an t or an m or 
an n, and a multitude of meaningless scratches. 

What makes all this much more curious is, that the gentleman here 
referred to, who could not put three letters together in writingj-and 
who could only speak by snatches of half-intelligible sentences; who 
oould not, moreover, read a single line of any other person's writing, 
80 far as we could discover, either in print or in MS.; who was 
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therefore, as utterly bereft as it is possible to be of the faculty of using 
writing to any useful purpose, — was quite acutely conscious of the 
delicate and almost indescribable resemblances between one handwriting 
and another! It became plain to us, indeed, in the course of our 
observations, that he appreciated very exactly certain special characters 
of handwriting as a piece of mere penmanship; while, as a legible 
symbol, and as an index to ideas, all handwriting whatever was 
to him a mere mass of unintelligible ciphers. This is certainly a 
most strange fact, and you will be justified in expressing a doubt 
of it. I had, however, the following odd opportunity of verifying 
the fact, the more convincing to me that it was wholly unexpected. 
I give this anecdote to you exactly as it was told to me. A 
letter came from his younger brother, who was in business, and 
whose handwriting was becoming confirmed and strengthened by 
business — passing, in short, from a schoolboy's hand to a business 
hand. In this transition it was becoming liker than before to the 
original handwriting of our aphasic patient. The letter was put into 
his hand by his mother, and as soon as he looked at it, his face lighted 
up as if surprised, and he handed back the letter, with the exclamation 
—"Why, it's myself!" 

It is worth while to note, also, that this gentleman was once caught 
poring over a share list which had been put into his hand, with the 
view of testing his power of appreciating numbers, as he had been a 
very good accountant. Generally speaking, it was of no use; his mind 
was closed to the symbolism of numbers, as much as to the symbolism 
of words. On one occasion, however, in a comparatively lucid interval, 
he fixed his eyes on a complicated figure, say 2764, and ejaculated once 
or twice, "Two thousand — two thousand — quite absurd!" He had 
apparently guessed at the general character of the number, but could 
go no farther than two thousand in detail. But though he could not 
read 2764 correctly upon a sheet of paper, this gentleman could read 
off the marks upon a set of dice, and play the corresponding moves 
upon a backgammon board, without any considerable error for games 
together. 

Have I conveyed to you, through these details, any more clear con- 
ception than before of the state of aphasia? for I confess that amidst 
the warm interest I took in this poor gentleman's case as a friend, and 
as his physician, it appeared to me all along that the facts had an 
interest beyond the individual; and I am therefore very solicitous to 
present them to your minds just as they occurredi and with only so 
much of theoretical explanation as is almost necessary in observing all 
complex facts, and such as was present to my own mind in making the 
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investigations of which you have here a short account. Beyond this I 
desire to leave the matter in the hands of the metaphysicians, and to 
hold myself only responsible for a faithful narrative. 

Of the actual state of mind of the aphasic we have indeed only 
very imperfect revelations. And the reason is evident: the destruction 
of the leading channel of intercommunion of minds places an almost 
insuperable obstacle in the way of an understanding. It is easy, indeed, 
to ascertain that the aphasic patient has preserved, to a certain extent, 
his reason, understanding, emotions, will; but to what extent we 
can almost never know. The man affected with this strange infirmity 
is almost of necessity self-centred and alone in the midst of the crowd. 
Were he a poet of the rank of Milton, for instance, he must needs be a 
"mute inglorious Milton.*' Were his soul as sublimely moved as that of 
the Psalmist, he must be content to "meditate in the night-watches," 
to "commune with his own heart upon his bed, and be still." There is 
something, I think, strangely and beautifully pathetic in this ; and I 
am tempted to expand the idea a little, even at the risk of departing for 
a moment from my programme. Can we find a better meditation 
for such a being than these passages of the 77th Psalm? and is 
there anything in his state which should prevent his remembering and 
adopting them, — not in words, it is true, but in substance? — "In the 
day of my trouble I sought the Lord . . I remembered God, and 
was troubled : I complained, and my spirit was overwhelmed. Thou 
boldest mine eyes waking ; I am so troMed that I cannot speak. 1 
have considered the days of old, the years of ancient times. I call to 
remembrance my song in the night, and my spirit made diligent 
search. Will the Lord cast off for ever, and will he be favourable no 
morel Is his mercy clean gone for ever ? Doth his promise fail 
for evermore? Hath God forgotten to be gracious? Hath he 
in anger shut up his tender mercies? And I said, This is my 
infirmity; but I will remember , . the works of the Lord; 
surely I will remember thy wonders of old." I beg you to believe 
that I have not made this quotation merely to roimd a paragraph. 
I have made it in all seriousness and deliberation, and for the 
purpose of leading you to consider the question— Could an aphasic 
patient think thus ? Could his thoughts reach thus high ? Could 
his feelings be thus warm and vivid ? Could he in the night-watches 
even meditate such an outpouring of fervent pathos as this ? 

For my part, I believe so; or at least I have seen nothing as yet, in 
my considerations on the mental state of the aphasic, to lead mo 
absolutely to exclude such a supposition. But we are not left entirely 
to hypothesis in this matter. A few cases of very temporary but very 
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complete aphasia have been recorded authentically by the sufferers 
themselves after their recovery ; and one of these is so curiously appo- 
site to the solution of the question raised above, that I shall venture 
upon giving you the whole case, as quoted by the late Dr. Cheyne,* of 
Dublin, from an all but forgotten source in the periodical literature of 
the last century. 

" In the third volume of The Hygexa^ by Dr. Beddoes, the very 
curious and well-known case of Dr. Spalding, of Berlin, is quoted, and 
erroneously referred to mere hurry of ideas preceding epilepsy. On 
the 31st of January, 1772, he had to speak to many people in quick 
succession, and to write many trifling memorandums concerning very 
dissimilar things, so that the attention was incessantly impelled in 
contrary directions. He had at last to draw out a receipt for interest; 
he accordingly sat down and wrote the first two words requisite, but, 
in a moment, became incapable of finding the rest of the words in his 
memory, or the strokes of the letters belonging to them. He strained 
his attention to the utmost in endeavouring leisurely to delineate letter 
after letter, with constant reference to the preceding, in order to be 
sure that it suited. He said to himself that they were not the right 
strokes, without being able in the least to conceive wherein they were 
deficient. He therefore gave up the attempt, and partly by mono- 
syllables, and partly by signs, ordered away the man who was waiting 
for the receipt, and quietly resigned himself to his state. For a good 
half hour there was a tumult in part of his ideas. He co^dd only 
recognize them for such as forced themselves upon him without his par- 
ticipation. He endeavoured to dispel them to make room for better, 
which he was conscious of in the bottom of his thinking faculty. He 
threw his attention, as far as the swarm of confused intruding images 
would permit, on his religious principles, and said to himself distinctly, 
that if by a kind of death he was extricated from the tumult in his 
brain, which he felt as foreign and exterfor to himself, he should exist 
and think on in the happiest quiet and order. With all this there was not 
the least illusion in the senses. He saw and heard everything about him 
with its proper shape and sound, but could not get rid of the strange con- 
ftision in his head. He tried to speak, for the sake of finding whether 
he could bring out an v thing connected; but however vehemently he 
strove to force together attention and thought, and though he pro- 

* Essays on Partial Derangsment of the Mind in supposed connection with 
Religion, by the late John Cheyne, M.D., &c., Physician-General to His 
Majesty's Forces in Ireland. (A iwsthumoua work, now long out of print, 
but well worthy of re -publication.) Dublin, 1843. Essay 3, " On Disorder of a 
Single Faculty." 
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ceeded with the utmost deliberation, he soon perceived that unmeaning 
syllables only followed, quite different from the words he wished. He 
was as little master now of the organs of speech as he had before 
found himself of those of writing. * I, therefore,' says he, * contented 
myself with the not very satisfactory expectation that, if this state 
should continue, I should never, all my life, be able to speak or write 
again; but that my sentiments. and principles, remaining the same, 
would be a permanent spring of satisfaction and hope, till my complete 
separation from the unfortunate ferment of the brain. I was only 
sorry for my relations and friends, who, in this case, must have lost me 
for duties and business, and all proper intercoui*se with them, and 
looked upon me as a burden to the earth. But after the completion 
of the half hoiu*, my head began to grow clearer and more quiet. 
The uproar and vividness of the strange, troublesome ideas diminished. 
I could now carry through my process of thought — I wished now to 
ring for the servant, that he might request my wife to come up. But 
I required yet some time to practise the right pronunciation of the re- 
quisite words. In the first conversation with my family, I proceeded for 
another half hour slowly, and in some measure anxiously, till at length 
I found myself as free and clear as at the beginning of the day, only I 
had a very trifling headache. Here 1 thought of the receipt which I 
had begun, and knew to be wrong. Behold, instead of fifty dollars for 
half a year's interest, as it should have been, I found in as clear and 
straight strokes as I ever made in my life — "Jlfiy dollars tlirough ilie 
acmctijlcation of the bri-*^ with a hyphen, as I had come to the end of 
the line; I could not possibly fall upon anything in my previous 
ideas or occupations which, by any obscure mechanical influence, could 
have given occasion to these unintelligible words.' " — ^pp. 94-97. > 

Dr. Cheyne's remarks upon this singular narrative ai'e extremely 
interesting, and remarkably in accordance with all the more recently 
observed phenomena of aphasia. They are as follows : — 

^' The case just described serves weU to illustrate the suspension of 
that faculty by which thought is communicated by speech or writing. 
Spalding had been engaged in a way not to exhaust or perplex his 
mind. The memorandums be had been making related to things of no 
great importance, and his attention had not long been on the stretch, 
having been relaxed by the dissimilarity of the concerns with which he 
was occupied. During the attack he was in possession of all his 
faculties save one. The confusion of mind may be ascribed to alarm, 
lest he should never again be able to communicate with his friends. 
In explaining his feelings, he adopts a very extraordinary theory of 
mind. He says he endeavoured, to expel his tumultuous ideas, to 
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make room for better, which he was conscious of in the bottom of his 
thinking faculty. But, iu truth, his thinking faculty, notwithstanding 
his apprehensions, was in a state of integrity. He had an act to per- 
form, which he was as incapable of as of flying to Potsdam; and he 
felt that had he persevered in the attempt to accomplish it he would 
have exposed himself to the suspicion of insanity, which, by looking 
inwards, he knew was not threatened; for not only was there no illu- 
sion of the senses, but his principles, sentiments, and affections were 
unaltered. How then did he act? With the greatest presence of 
mind: he got rid of all witnesses, that by rest and quiet he might 
r^ain that equanimity which is in general so conducive to fluency of 
expression ; nor did he admit his friends till he had proved to his own 
satisfaction that he could once more communicate with them on an 
equal footing. As has been conjectured, Dr. Spalding was threatened 
with epilepsy." — pp. 97, 98. 

I cannot give these extracts from Dr. Choyne*s admirable work, 
without remarking that, in his philosophy of this difficult subject, and 
also in the selection and narration of instances, he appears to me to 
have anticipated almost the whole course of modem research, with the 
exception of the anatomical facts bearing on the localization of the 
faculty in the brain. He defines the special disorder which has since 
received the name of aphasia as ''an interruption to the power of 
expressing thought, even when the mind is in other respects unim- 
paired." In reference to the views of Sir Alexander Crichton, who, 
in his work on Mental DerangemerU^ has placed these cases under the 
head of disorder of the memory, Dr. Cheyne obBei-ves, that " while the 
individual is deprived of the power of communicating his recollections, 
his memory is retentive with respect to persons, places, events, and 
their order" — a criticism which is at once an evidence of the accuracy 
with which Dr. Cheyne had observed this condition, and a demonstra- 
tion of the carelessness of some more modern authorities, who, even in 
citing Dr. Cheyne*s instances, have failed to apply the searching and 
logical inductions by which they are accompanied. 

Other instances, bearing more or less accurately on the state of the 
mind in aphasia, are not wanting. A much-respected friend of mine, 
learned in the law, as Well ag in other things, and who was never, even 
for a moment, suspected either of epilepsy or insanity, or any other 
infirmity of the brain, told me only the other day of a nearly similar 
but much more evanescent, and therefore trifling, manifestation of 
aphasia which has repeatedly occurred to himself. When a young man 
he was subject to a sudden form of vertigo or dizziness, unattended by 
headache or sickness, but perhaps more allied to what is usuallv 
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associated with this in the disease called **sick headache" tlian to any 
other disease in the nosology. At a time when he had no reason to 
expect it — e, g., when at dinner, or in his study, or with his family, and 
quite undisturbed b}' emotion or otherwise — he would observe a flicker- 
ing before his eyes, as if a sudden steam or mist had arisen, or, as he 
describes it, like what takes place when you lo'>k through an atmos- 
phere in which a hot and cold current of air meet each other ; and this 
aifection recurring again and again (though lasting only for a few 
minutes or even seconds), he came at last to view almost as a settled 
and familiar infirmity, which he had only to study and care for, in so 
far as it might tend to interrupt him when engaged in important 
business. Viewing it in this light, he was particularly struck with 
one fact, viz., — that whenever he attempted to speak in the midst of 
this vertigo, the words seemed to come out qtiito differently from what ho 
intended, and as if he had lost all control over them. He had indeed no 
conception of what he was saying, though his mind never lost hold of 
what he meant to say. In fact, he talked nonsense, knowing and 
feeling that it was nonsense, but without the least power to make sense 
of it. And from the frequent recurrence of this, state he came to 
know that whenever this vertigo came on, his only safety against 
talking nonsense uxis in absolute silence, and this he accordingly main- 
tained. He is still subject to the vertigo, but without the concomi- 
tant affection of the speech ; and he is quite certain that he never even 
for a moment lost his senses, or was in any way permanently injured 
for business or otherwise, in any of these attacks. 

Even as I write, another illustration occurs of temporary aphasia 
concurring with perfectly uninterrupted consciousness of the abnormal 
state of the power of expression. A gentleman aged more than 
seventy, who had once or twice suffered from a threatening of paralysis 
on the right side, sat down the other day to write a business letter, 
and found that he could not get on. He tore up the letter, and next day 
went to call upon his medical attendant in the country, telling him, 
among other things, and amid considerable confusion of utterance, of 
his difficulties with regard to the letter, which he had torn up because 
he " could not make nonsense of it." A few days afterwards he tried 
to write a letter to his daughter, and wrote quite according to his mind 
into the second page, when, his attention becoming fatigued, the cbai'- 
acters suddenly became unintelligible, and he carried the letter, with 
tears in his eyes, to a friend, expressing his extreme annoyance at not 
being able to finish it. 

There are two instances recorded in France, and given in M. 
Trousseau's elaborate essay, in which men of high mental capacity, and 
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able, more than most, to reason upon their own impressions, have 
passed through attacks of aphasia from which thej have recovered, and 
thus become the recorders of their own cases. 

^ The first of these cases was that of one of the most eminent members 
of the Faculty of Medicine in Paris, a man who had made a careful and 
special study of the diseases of the brain. This eminent man, after a 
days' hard reading, was perusing one of Lamartine's essays, when he 
suddenly became aware that he had failed to follow with his mind what 
he read. After a renewed unsuccessful attempt to read, he became 
frightened, and wished to call out, but could not utter a word. He 
then began voluntarily to move all his limbs in the most complicated 
manner, to convince himself that he had no paralysis. He rang the 
bell, but could not speak a word to the servant; he satisfied himself by 
moving his tongue in every direction that there was no paralysis there. 
He then made a sign for pen and ink, but found that he could not 
write any more than he could speak. All this time he was mentally 
engaged in discussing and analyzing his own symptoms, trying to 
refer them to their probable cause within the brain, and generally 
viewing his own case exactly as he would that of another at a clinical 
lecture. On the arrival of a physician two or three hours afterwards, 
he presented his arm, turned up his shirt sleeve, and made signs that 
he wished to be bled. The bleeding was scarcely over, before some 
words, imconnected it is true, and incomplete, returned; gradually the 
mist cleared away, and after about twelve hours, he was able to speak 
and write as well as ever. 

The case of another eminent teacher of medicine, " the illustrious Pro- 
fessor Lordat," of Montpellier, is mentioned by M. Trousseau, bat with a 
certain disposition to demur to his conclusions, and even his statements, 
on the ground that M. Lordat, '' in virtue of his spiritualistic (t. e. ideal- 
istic) doctrines, believes in the complete independence of thought and 
speech, 2j\di a fortiori in the independence of thought and of the organs of 
speech." Setting aside this metaphysical prepossession, which I think 
need hardly be supposed to have interfered with a question of fact, it 
appears that M. Lordat in the aphasic state was able to think, to 
arrange the materials of a lecture, and to change the distribution of 
them; while neither by speech nor by writing was it possible for him 
to communicate an idea; and this although there was no paralysis. 
"I reflected," he writes, "on the Christian doxology, 'Glory be to the 
Father, and to the Son, and to the Holy Ghost,' and it was impossible 
for me to recaU even a single word of it." The thought remained intact, 
but the power of expression was gone. At the same time he convinced 
himself that he could combine abstract ideas, and distinguish them 
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quite well from each other, wUIu>iU having a single word to express 
them, and wvtlioiU in tlve Wist degree thinking on the expression of them, 
" I experienced," he adds, "no embarrassment in the exercise of thought. 
Accustomed as I was for so many years to perform the work of a 
teacher, I congratulated myself on being able to arrange in my head 
the principal propositions of a lecture, and on finding no difficulty in 
changing the order of ideas as I pleased." It appears, nevertheless, 
that M. Lordat, after his recovery from this attack in 1828, had lost 
to a considerable extent the power of lecturing without notes, which 
he possessed in perfection before; and on this rather slender foundation 
(as it appears to me), M. Trousseau builds up a theory opposed to that 
of M. Lordat, and even contends that the latter was mistaken or biased 
in his narrative of personal experience, by his theories. In this respect I 
think the distinguished professor of the Hotel-Dieu is probably unjust to 
his colleague's statements, or at least goes further in the way of criticism 
of them than his own observations warrant; for there is no difficulty 
to a mind not unduly occupied with metaphysical theories in admitting 
that a certain amount of deterioration of the thinking faculty may 
probably follow a lesion of the brain involving speech, just as it may 
follow a lesion of the brain involving sight, or motion, without any 
presumption thence arising that thought and speech are identical, or 
even inseparable. 

As far, therefore, as the mere absoltde essence of the aphasic state is 
concerned, I am disposed to hold with Lordat rather than with Trous- 
seau. Without asserting that the elements exist for a final judgment, I 
think strong evidence has been given that in the simple form of aphasia, 
attacking with great suddenness a previously healthy and intelligent 
man, there is not necessarily any immediate diminution of the general 
intelligence whatever. But farther than this I cannot go. I fear it 
must be admitted that in the great majority of aphasic cases there is a 
loss of general intelligence; not only because the affection is usually 
combined with paralysis and with more or less complicated disease of 
the brain, but also because I find it difficult or impossible to conceive 
of a state in which the symbols of thought shall be permanently lost, 
and thought itself sustain no injury. It is a law of nature which, so far 
as wo know, is without exception, that all our faculties are developed 
by use, and dwarfed by permanent inaction. The muscle which 
ceases to be used most surely undergoes degeneration and atrophy; 
the optic nerve which is shut out for a long time from the light shrivels 
and decays ; the very habits which even in small matters grow upon 
us from day to day ofben tend to produce in us narrow, liard, indi- 
vidualized lines of thought and action, which, if they develop some of 
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our faculties, tend to freeze up others, and finally to paralyze much of 
what is good in all of us, unless we keep the current of thought and 
emotion flowing hy careful tending of the inner man : how should it 
be but that a being cut off from the use of the chief symbol of 
thought should degenerate in the end as regards thought itself? The 
complete aphasic is, indeed, in a worse condition than the deaf and 
dumb; for* they at least can think words, and, with the help of a 
special education, can express them within a limited circle ; whereas he 
must remain ever wrapped up in himself — a creature incapable of any 
intercourse with his fellow-men which is founded upon the idea of a 
word. The deaf and dumb can be educated, because they have at least 
the idea of the symbol, and it can be changed into a form accessible 
to their minds, and capable of being learned and used by them not- 
withstanding their bodily defect ; the aphasic, I think, supposing the 
disease congenital, could not possibly be educated, but must remain 
almost an idiot — the mind of an infant enclosed in the shell of a man. 

Have we actually seen such cases of undeveloped humanity in which 
the primary defect has been aphasia ? This we know not; probably we 
never can know. It is far from improbable that certain forms of 
cretinism, or of congenital idiocy, may be due to an affection of this kind 
in very early infancy, rendering the development of the mental faculties 
an impossibility. But surely the condition of the educated being who 
falls into aphasia by accident or injury, demands a most careful con- 
sideration from his fellow-men, as regards the conditions under which he 
may be admitted to the common rights and privileges of humanity, 
and the extent to which he may be rendered, by artificial culture and 
new methods of communication, capable of availing himself of these. 
This branch of the subject of aphasia is as yet in a very unformed state, 
and I hesitate to commit myself to any well-defined doctrine upon the 
subject. I should hope that one effect of these' few and imperfect 
remarks, made in so wide and intelligent a circle as this, may be to bring 
to light additional facts and observations which may tend to the eluci- 
dation of whatever remains dark and mysterious.* 

• I have to regret the onuBsion, duo to iosufiicient time for reading during the 
preparation of this paper for the Society, of a reference which I should for many 
reasons have wished to introduce into the text. A remarkably interesting 
narrative of a case of aphasia connected with spectral illusions, and with 
disease of the left side of the brain, will be found in Vol. xlvi. of the Edinburgh 
Medical and Surgical Journal, October, 1836, page 334. Mr. Craig, of Ratho, 
has in this case furnished a multitude of details in no degree inferior in interest 
to those of any case since recorded, and remarkably in accordance with most 
of the facts stated in this paper. Dr. Craigie has also added some valuable 
remarks. 
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I^ole on the Primary Boots, or Nuclei, of Articulate Speech, 

In reference to a question raised in the course of the discussion on 
this paper, as to the relative position of nouns and verbs, properly so 
called, among the first roots of language, I will venture another 
quotation from Max Miiller : — " We must not forget that there are 
languages .... in which there is to the present day no outward 
distinction between a root and a word. In Chinese, for instance, Itf 
means to plough, a plough, and an ox, i.e., a plougher; ta means to be 
great, greatness, greatly. Whether a word is intended as a noun, or a 
verb, or a particle, depends chiefly on the position which it occupies in 
a sentence. In the Polynesian dialects almost every verb may, without 
any change of form, be used as a noun or an adjective ; whether it is 
meant for the one or the other must be learnt from certain particles, 
which are called particles of affirmation (Kua), and the particles of the 
agent (Ko). In Egyptian, as Bunsen states, there is no formal dis- 
tinction between noun, verb, adjective, and particle, and a word like 
an^h, might mean life, to live, living, lively. What does this show ? 
I think it shows that there was a stage in the growth of language, in 
which that sliarp distinction which we make between the different 
parts of speech had not yet been fixed, and when even that fundamental 
distinction between subject and predicate, on which all the parts of 
speech are based, had not yet been realized in its fulness, and had not 
yet received a corresponding outward expression," I. c, pp. 84, 85. The 
subject is of some importance in reference to the details of the preceding 
paper ; and although I cannot entirely adopt, at least without somu 
qualification in the mode of statement, Professor Muller*s views as to 
the essential identity of thought, or reason, and speech (^oyo;), there can 
be no doubt that the very derivation of the word noun, from nomen, 
ivofitet, jroftf, tovfy whence also nosco, 1 know, carries back to a remote 
Sanskrit or pre-Sanskrit root the whole idea of naming or knowing 
things (whether objects of sense or ideas of the mind), as being closely 
conjoined or associated operations of the *o«5f. Not to pursue the 
etymological argument too far, however, it may be admitted that any- 
thing to which wo can distinctively attach a name has first to be fixed as 
a general conception in the mind, apart from pai*ticular instances. 
When I use the word horse, for example, I think not of one particular 
horse, but of the general idea of a horse as present to the mind in a 
survey of the distinguishing qualities of the animaL When I use the 
word John, I have risen from the conception of any particular object 
or man actually observed in connection with that word, to the more 
general point of view of John as the name of many men. And so when 
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I discrimiDate a certain emotion, and name it love^ I place the idea of 
love before my mind in a general form, which may afterwards be applied 
either as a verb active, e.g.., I love, or as a nomi substantive, c. g., love is 
present unthin me. The question of precedence is difficult to'determine, 
and no one, I think, will consider that I am unduly trespassing on the 
patience of the reader in adding the following extremely beautiful 
illustrations from the same rich mine of thought from which I have 
already quoted above. "To a Chinese, the sound ta (great), even when 
pronounced, is a mere root ; it is neither noun nor verb, distinctions 
which, in the form in which we conceive them, have no existence at all 
to a Chinese. If to ta we add/w (man), and when we put/w first and 
ta last, then, no doubt, fu is the subject, and ta is the predicate, or, as 
our grammarians say, fu is a noun, and ta a verb ; fu ta would mean 
* the man is great.' But if we said tafu, ta would be an adjective, and 
the phrase would mean, 'a great man.' .... If we watch the lan- 
guage of a child, which is in reality Chinese spoken in English, we see 
that there is a form of thought and of language perfectly intelligible 
to those who have studied it, in which, nevertheless, the distinction 
between noun and verb, nay, between subject and predicate, is not yet 
realized. If a child says up, that up is, to his mind, noun, verb, 
adjective, all in one. It means, * I want to get up on my mother's lap.* 
If an English child says to, that ta is both a noun, thanks, and a verb, 
I thank you. Nay, even if a child learns to speak grammatically, it 
does not yet think grammatically ; it seems, in speaking, to wear the 
garments of its parents, though it has not get grown into them. A 
child says, 'I am hungry,' without an idea that I is different from 
^hungry,* and that both are united by an auxiliary verb, which auxiliary 
verb again was a compound of a root as, and a personal termination mi, 
giving us the Sanskrit o^m, I am. A Chinese child would express 
exactly the same idea by one word slii, to eat, or food. The only 
difference would be that a Chinese child speaks the language of a child, 
an English child the language of a man." — Ibid., pp. 85, 86. 

[In the course of his paper, and at its close. Dr. Gairdner briefly 
remarked upon the curious anatomical facts adduced by MM. Dax, 
Auburtin, Broca, and others, as to the connection of aphasia with 
structural disease of the left hemisphere of the brain, and especially 
with a particular portion of the left frontal lobe. Dr. Sanders had 
observed and recorded a case bearing on this department of the inquiry, 
and he (Dr. Gairdner) had lately seen another ; but it was more in 
accordance with the plan of his paper, and at all events more likely to 
be agreeable to the Society, considering the great length of time he 
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had occupied their attention, to leave that part of the subject to Dr. 
Sanders and Dr. Allen Thomson, who, ho trusted, would take part 
in the discussion. So far as his (Dr. Gairdner's) opinion went, it 
was generally in accordance with the views of the observers above- 
mentioned.] 

In answer to the invitation of the President, 

Dr. Sai^debs, of Edinburgh, said he had come merely to listen, and 
was not prepared to speak on the subject, but as Dr. Gairdner bad 
referred to him in connection with the medical aspect of the inquiry, 
he would notice it very shortly. The subject of aphasia, or speech- 
lessness, was a very old one, and was known in general literature. It 
would be remembered that Zacharias was speechless until St. John was 
baptized ; and other similar instances were recorded in ancient writings; 
but it was more especially within this century that this affection of 
speech had been studied scientifically. The phrenologists were the first 
to take up the investigation in relation to the localization of certain 
faculties in definite parts of the brain. And although their theories 
had not been generally accepted, yet they had induced physicians to 
inquire whether particular portions of the brain were disordered when 
defects existed of particular faculties of the mind. These inquiries had 
not yet led to any positive result, or to anything which we could be 
assured would ultimately stand ; but enough was known to show the 
necessity of further investigation. So far back as 1825, one of the 
leading physicians in Paris, M. Bouillaud, had asserted, as the result of 
his observations, that in patients who had lost the faculty of articulate 
speech, disease was invariably found in the anterior lobes of the brain. 
This remarkable statement, though controverted by other eminent 
authorities, had been confidently maintained by its author up to the 
present time. But within the last five years, viz., in 1861, much 
interest had been again excited on the subject in Paris, in consequence 
of the discussions at the Anthropological Society, one party (M. 
Auburtin, especially) maintaining, while another party (M. Gratiolet, 
among others) denied the localization of certain faculties, such as lan- 
guage, in special parts of the brain. It happened at the time of this 
discussion that there were two cases of aphasia under the care of M. 
Broca at the Bicetre, and that gentleman asked M. Auburtin and others 
to attend the ^xw^ nuyi'tem examination of these patients, so as to test 
by crucial instances whether the brain was affected in its anterior lobes. 
They found that the disease was not only in the anterior, but in the 
left anterior lobe, and occupied exactly the external lefb frontal con- 
volution, where the anterior lobe meets the middle lobe, immediately 
in front of the fissure of Sylvius. From the evidence of these two cases, 
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the proposition was advanced by M. Broca, that the faculty of language, 
80 far as articulate speech was concerned, must have its seat in that 
particular part of the brain. This was M. Broca's opinion, and there 
were a number of cases in support of it, but it must also be admitted 
that other cases, opposed to M. Broca's views, threw difficulty in the 
way of its acceptance. It was a question, therefore, that must be 
tested by future observation, and as the disease causing aphasia was 
not necessarily nor speedily fatal, these difficulties could not quickly be 
set at rest. Dr. Sanders had had, since August last, four cases in the 
Edinburgh Royal Infirmary, one of which recently proved fatal, and 
accordingly it was caref\illy investigated whether the disease would be 
traced to the particular part of the brain already indicated ; and, strangely 
enough, it was found in the exact spot. That was a remarkable coinci- 
dence, and to many persons it might at first sight appear nearly 
decisive of the point ; but medical men knew very well that it was not 
safe to found on particular examples, however striking. He held that 
it merely showed that there was a case for inquiry, to ascertain whether 
it were possible to find out the position of certain lesions of the brain 
connected with loss of speech, or whether the loss of that faculty was 
merely one indication, among others, of cerebral disease in general. 
So much for the technical part of the question ; but the circumstances 
attending aphasia were of great curiosity and interest, in a general 
point of view, in relation to metaphysics and the philosophy of mind, as 
Dr. Qairdner has ably indicated in his paper. There was a great deal 
of plausibility, but there was nothing more, in the facts advanced to 
prove that particular faculties of the mind were connected with par- 
ticular parts of the brain, or act in connection with those parts of the 
brain. As yet the connection of the mind with the brain cannot be 
scientifically determined, nor even accurately surmised. Dr. Sanders 
had no doubt that the discussion of the metaphysical parts of the question 
would present valuable results. The symptoms in aphasia bore directly 
on the questions, how far ideas might be thought out by other symbols 
than words ; and what the relation was between the thought and its 
signs, whether these were speech, writing, gesture, or other modes of 
expres.sion. 

Db. Allen Thomson agreed \rith Dr. Sanders as to the great 
interest of the subject brought before the meeting, both in its 
physiological and its philosophical aspects, and thought that the 
thanks of the Society were due to Dr. Gairdner for the very able and 
instructive exposition he had giviii of the phenomena of aphasia, and 
to Dr. Sandern for the very interesting supplementary remai'ks which 
he had made. It appeared to him from what had been referred to by 
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these gentlemen, and from what he had himself observed many years 
ago, when his attention was called to the phenomena of varying 
degrees and forms of muteness, that it might be regarded as extremely 
probable that certain cases of want of speech depended on a mental or 
cerebral defect of the power, as it were, to translate ideas into the 
outward expression of them by language. For, on the one hand, the 
instances of persons partially mute from an imperfect condition of the 
organs of hearing, as well as the experience of those engaged in teach- 
ing the partially deaf to speak, showed to how great an extent the 
mere mechanism of speech is dependent upon the imitation of that 
mechanism in other persons ; and on the other hand, the occurrence of 
cases — somewhat rare, no doubt — of muteness from physical defects of 
the organs of speech, showed that, notwithstanding the possession of 
a complete knowledge of language and its relations to ideas, the ex- 
pression of ideas in speech may be completely interfered with by mere 
want of the proper machinery of utterance. From both of these 
classes of cases, however, the instances referred to by Drs. Gairdner 
and Sanders appear entirely to differ ; and the accidental observation 
of several examples of the same description had many years ago led him 
(Dr. Thomson) to views somewhat analogous to those which have been 
more fully tstablifched on more extended and accurate observation of 
the phenomena, and which have been so clearly exposed by Dr. 
Gairdner in his paper. Indeed, he confessed that the cases of aphasia 
to which he now referred were to him, at the time, very inexplicable, 
and the mode of attempting their treatment a matter of extreme 
difficulty. It might be hoped, however, that now a more correct 
appreciation of their nature might lead to more rational plans being 
devised for their cure or amelioration. To him (Dr. Thomson) the 
study of the muteness of the deaf seemed a most interesting subject, 
lie had seen it in very various degrees, more especially in cases of the 
closure of the external ear, with more or less integrity of the power 
of hearing in the inner part, which led to partial deafness, and was 
attended with various degrees of the partial use of language. In 
these persons sounds reached the organ of hearing through the hard 
parts of the head. There was the case of a lad of sixteen years of age 
who, having both ears congenitally closed, heard best at the top of 
the head, and who possessed such an amount of power of hearing 
and speech as to enable him to converse with his playfellows and 
profit by tuition in school ; and various gradations of other cases 
came before him, in which, with less or greater defect of the middle 
or internal part of the ear, the persons had a greater and greater 
inability to make use of language Through these he was led to study 
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that remarkable relation which existed between the power of putting 
thoughts into words and the physical expression of ideas, and thence 
he was led to tlie study of that curious relation, to which Dr. Sanders 
had referred, existing between the diflferent forms in which language 
might find expression and the ideas they were intended to express. It 
was certainly a most curious subject for consideration, what ideas 
could be attached to the visible symbols that were made use of by the 
deaf and dumb. And of still greater interest was the study of such 
instances as that of Laura Bridgman and others, in whom the sense of 
touch was the only channel through which they could find an entrance 
to or outlet from the sensorium. At the end of his paper, Dr. 
Gairdner had referred to a fatal case, of recent occurrence, in the 
Glasgow Royal Infirmary, in which the lesion of the brain was in the 
left side of it, and apparently in the very situation pointed out by 
the French authors as the spot affected in cases of ascertained aphasia, 
and he would like to know to what extent the language was affected 
or interfered with in that case. The disease in this case of Dr. 
Gairdner^s, as in that of Dr. Sanders, was found to be at the meeting 
of the external frontal with the anterior ascending parietal convolution 
of the brain, according to the nomenclature of Gratiolet. 

Db. Gaibdneb said he had purposely not alluded to the details of 
the case referred to, because it would have made the paper much too 
long, and because it was not a very easily described case. He was 
convinced in his own mind that there was aphasia present in the later 
history of the case ; but it would not be very easy to make that clear 
to the Society within a reasonable length of statement ; for when the 
man was admitted to the hospital he could speak, and it was only 
when he got worse that he could not speak. But still his (Dr. G.'s) 
own cleai* conviction was that there was aphasia, mingled with other 
symptoms of cerebral disease. 

Db. Allen Thomson remarked that phrenologists placed the organ 
of language in the part of the brain above the eyes; and hence they 
conceived it possible to judge by the various degree of prominence or 
depression of that organ, of the power of language possessed by any 
individual. But the convolutions in which the phrenologist placed 
the faculty of language, did not agree with the view resting on the 
pathological considerations founded on such cases as the present, the 
affected part being more to the side of the eye, or in the temporal fossa. 

Db. Gaibdneb — Besides, the one-sidedness of the disease (the only 
fact which seems to have been quite clearly made out about it) is 
opposed to all the calculations of the phrenologists, and was quite over- 
looked by them in fixing the position of the organ of language. 
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Bey. H. W. Crosskey said that since this was one of those subjects 
in which the medical man and the student of language met, and in which 
the study of language would throw light upon the study of anatomy, 
he would remark that naming objects was an exceedingly difficult thing, 
and involYcd a process of thought difficult for a child to accomplish; and 
therefore, it was found that the Yerb, of all utterances, was the first ob- 
ject, and that to give a name to an object showed a considerable amount 
of predication and will, so that the arrest of the faculty of the mind to 
grasp proper names, instead of being an arrest of a primeval quality 
of the mind, was an arrest of one of the latest and most elaborate 
actions of it. 

The Pbesident would not detain the meeting at that late hour by 
any remarks of his own, but would simply ask them to pass a vote of 
thanks to Dr. Gairdner for his excellent paper. He could corro- 
borate many of the facts stattMl in the paper. He had come into 
contact with several people afflicted by aphasia. One remarkable case 
he had seen of a gentleman who had lived a busy life abroad, and had 
come home with a tendency to paralysis. One day when he wanted to 
go out, he got excited l>ecause nobody could understand him. He 
asked for his ^^ farjlacht^* and the people discovered that it was his 
greatcoat he wanted ; nor could he even be got afterwards to under- 
stand that that was not its proper name. He became paralyzed and 
died. Another case was that of an old lady, who had a servant named 
Janet, and ever after she became affected she always called her 
'» Parritch." 

The cordial thanks of the Society wei'e voted to Dr. Gairdner. 



IX. — On tJie Eatiniatioii of ike EvaporcUive Power of Fuel. By 
W. J. Macqtjobn Rankine, C.E., LL.D. 



Head AprU 18, 1866. 



1. U71U of Evaporative Power, — The most convenient unit of 
evaporative power, as being a quantity common to the measures of all 
nations, is the conversion into steam of a weight of water equal to that 
of the fuel burned, at the mean atmosphexio pressure; the feed -water 
also being supposed to be supplied to the boiler at the temperature of 
the atmospheric boiling-point. 

When the temperature of the feed-water and the boiling-point are 
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different, the following role is to be used in order to convert the actual 
evaporation, as compared with the weight of fuel, into units as above 
defined: — 

For every degree of Fahrenheit that the feed-vxUer is below 212* add 
to the actual evaporation one-^QQth (or '001035) of itself; and for 
every degree that the boiling-point is above 212° add ow€-3220^* (or 
•00031) ; — or otherwise : 

For every degree centigrade tluU tlie feed-uxUer is below 100° add to 
tlie actttal evaporation 07ie-537th (or 00186) of itsdf; and for every 
degree tJuxt the boiling point is above 100° add one-lTOOth (or 00056). 

The unit of evaporation at the atmospheric boiling-point is equiva- 
lent to 966 Fahrenheit units, or 537 centigrade units, of heat; and to 
the mechanical work of lifting the unit of weight to a height of 
745,800 feet, or 227,300 metres. 

2. In researches on the evaporative power of fuel, two objects may 
be proposed; to find the total evaporative ]}Otoer — that is, the number 
of times its own weight of water that the fuel would evaporate at the 
atmospheric boiling-point, if aU the heat produced by its complete 
combustion were employed in evaporation; and to find the available 
evaporative power in some actual furnace and boiler : which always falls 
short of the total evaporative power. 

It is on the total evaporative power that the real value of futl 
depends ; for the available evaporative power in any particular boiler 
depends not only on the fuel, but on the efficiency of the boiler, and 
its proper adaptation to the fuel employed. To compare two sorts of 
fuel which differ much in their properties, by means of experiments 
with the same furnace and boiler, may lead to very fallacious results; 
for the same furnace and boiler that are efficient for one sort of fuel 
may be inefficient for another. Each of the two sorts of fuel ought to 
be tried in a furnace and boiler specially adapted to it, so that the 
efficiencies may be the same; and then the actual evaporative powers 
will bear to each other the same ratio with the total evaporative 
powers. 

8. Calorimeter Experiments. — It may be regarded as almost, if not 
quite, impracticable to find the total evaporative power of any sort of 
fuel by experiments with a steam boiler : the causes of waste of heat 
are so many, and their operation so complex. The only practicable 
method appears to be that of ascertaining the total heat of combustion, 
by means of a calorimeter, and reducing that heat to the equivalent 
evaporative power ; and to perform that operation with accuracy the 
following conditions must be fulfilled : — 

I. — The fuel must be burned in a closed vessel, completely enveloped 
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by the mass of fluid by whose elevation of temperature the heat pro- 
duced is to be measured. 

II. — Unless the calorimeter is itself a thermometer, it is essential 
that the mass of fluid should be constantly stirred by suitable 
mechanism, in order to insure that the temperature shall be uniform 
throughout the whole mass, otherwise very great errors may arise. 
Such errors are likely to be especially great, and to lead to exaggerated 
views of the value of the fuel, when the only temperature ascertained 
is that of a layer of fluid at the upper surface of the mass (as when the 
temperature is inferred from the raising of steam of a certain pressure 
in a boiler) ; for that layer is necessarily hotter than any other part of 
the fluid. 

III. — To avoid altogether the risk of such errors, the calorimeter 
may itself be a large mercurial thermometer, measuring the heating 
effect by the expansion of the whole mass of mercury contained in it ; 
for that expansion is a correct indication of the me(in elevation of tem- 
perature of the fluid mass, and therefore of the whole heating effect, even 
although considerable differences of temperature should exist at different 
points. 

These conditions were completely fulfilled by the calorimeters used 
by Messrs. Favre and Silbermann in their experiments on the total 
heating effect of the complete combustion of various substances ; and 
hence the confidence placed by men of science in the results of those 
experiments {Anndlea de Chhiiie et de Physique, 1852-3). 

4. Results for Carbon^ Hydrogen, and their Compounds, — The fol- 
lowing are the results of experiment as regards the total evaporative 
power of hydrogen, carbon, and their compounds, reduced to units of 
evaporation : — 

I. — The total evaporative power of carbon is 15. 

II. — The total evaporative power of hydrogen is 6-i. 

III. — The total evaporative power of any compound of hydrogen 
and carbon is never greater than the sum of the separate evaporative 
powers of those fractions of the weight of the compound which consist 
of hydrogen and carbon respectively. For example, let the compound 
be olefiant gas, of which seven parts by weight contain six parts of 
carbon and one of hydrogen. Then, 

For the Carbon, 15 x 6= 90 

For the Hydrogen, 64 x 1= 64 

Divide by 7 ) 1 54 sum. 

Greatest possible evaporative power of Olefiant Gas, 22 
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Those three principles having been established, the greatest possible 
evaporative power of any hydrocarbon can at once be estimated from 
its chemical analysis, without the possibility of any error except those 
arising from errors in the analysis ; and estimates so made are much 
more trustworthy than any experiments with steam boilers or with 
water-calorimeters of anv kind. 

5, Application to Rock-oil, — According to a Paper by Professor 
H. D. Bogers, LL.D., lately read to the Philosophical Society of 
Glasgow, rock-oil consists of a mixture of various hydrocarbons, whose 
composition ranges from 18 equivalents of carbon with 20 of hydrogen, 
to 26 equivalents of carbon with 28 of hydrogen. The weight of the 
equivalent of carbon being six times that of the equivalent of 
hydrogen, the composition of the ingredients of rock-oil by weight 
is found to range from 27 of carbon with 5 of hydn^n in 32 parts 
by weight, to 39 of carbon with 7 of hydrogen in 46 parts by weight. 
Hence the following estimate of the greatest possible evaporative powers 
of those ingredients : — 

Most Hydrogen. Least Hydrogen. 

Erapi powers Pisrt8 by Parts by 

of CoDJititaenta. Weight Products. Weight ProducU 

Carbon, 15 27 405 39 585 

Hydrogen, C4 5 _320 1_ 448 

Soma, 32 )72r> 4C )i033 

Greatest possible eva^K)- 
rative powers of Com- 
pounds, 22-7 22-5 

Ratios to the evaporative ^"^ ==- 

power of Carbon, 1 51 1 5 

Hence it appears that the greatest possible evaporative powers of the 
ingredients of petroleum differ but little in any instance from 22 J, being 
OTUx-and-half the total evaporative power of carbon; and such will also 
be nearly the ratio of the available evaporative powers, when each sort 
of fuel is burned in a furnace and boiler specially adapted to it, so as 
to give the same efficiency, or ratio of available to total heat 
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MINUTES; 



Anderson^ 8 University BuUdings, November 1, 1865. 

Tub Sixty- fourth Session of the Philosophical Society of Glasgow was 
opened this evening — Dn, Allen Thomson, Vice-President, in the 
Chair, in absence of Professor Rogers, the President. 

The Society confirmed the following minute of a meeting of Council, 
held on the 29th of July: — " It was agreed to insert the words "more 
than" in Rule X., before the words "four-fifbhs of the votes," so as to 
make the second sentence in the Rule read as follows: — "The person 
proposed shall be balloted for at the next regular meeting, and he shall 
be elected if more than four-fifths of the votes tendered are favourable." 
This correction is necessary to bring Rule X. into conformity with 
Rule XIV. 

Db. Allen Thomson delivered an opening address, in which, afber 
offering some suggestions for increasing the interest of the proceedings 
of the Society, he directed attention to the extensive scheme of city 
improvement contemplated by the Municipal authorities, and pointed 
out how it might be made available for sanitary reform. He also 
referred to the necessity of its being accompanied by an adequate 
measure for the disposal of the sewage of the city. 

Dr. Thomas Andebson also made some observations on the subject 
of sewage, and was followed by Mr. James R. Napier and Mr. Rowan. 

A cordial vote of thanks was given to Dr. Thomson for his 
address. 



November 15, 1865. — Db. Allen Thomson, Vice-President, 

in the Chair. 

The annual meeting of the Society for the election of Oflice-bearers 

and for other business was held this evening. 

The following gentlemen were elected members of the Society, viz. : — 

Mr. William West Watson, city chamberlain, Glasgow. 
Mr. James Robertson, engineer, 16 Arlington Street. 
Mr. William Wingate, Jun., merchant, 14 Lynedoch Crescent. 
Mr. William Lang, Jun., chemist, Orosspark, Partick. 
Alexander T. Machattie, Ph.D., F.C.S., lecturer on chemistry, and 
analytical chemist. 

The Secbetaby read the following Report from the Council on the 
state of the Society : — 
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Report by the Council on the State of the Soci?:Tr. 

I. — Proceedings of last Session. — The printed Proceedings of the 
Society have always formed a small proportion of the papers read in 
any one session ; and in the last, the proportion was less than usual, 
although the subjects brought forward and discussed wcTe of the 
average variety and interest, as appears from the following classifica- 
tion of them : — Three of the papers were on Glacial Phenomena — one 
by Mr. John 1). Campbell ; one by Dr. Bryce and the Rev. Mr. 
Crosskey, conjointly, on the supposed Occurrence of Fossils in the 
Boulder Clay (Dr. Brj^e's account of the Arran and Kilmaurs beds, 
and Mr. Crosskey's of the Chapelhall beds, have been since published in 
an extended form in the Journal of tJie GeologictU Society of London)) 
a third paper, the joint communication of the Rev. Mr. Crosskey and 
Mr. David Robertson, being on new additions to the Fauna of the 
Glacial epoch, was not sufficiently matured to be printed, hut will 
appear in a subsequent number of the Proceedings, with illustrations. 
The fundamental laws of Optics were illustrated, with the aid of a set 
of mechanical models, by Mr. Foster, who, since last session, has 
received a scientific appointment in London ; and the same gentleman 
delivered a lecture on Spectrum Analysis, illustrated by a fine series of 
experiments. Professor William Thomson favoured the Society with 
two communications, one a description of various new instruments, of 
his own invention, for remedying the defects of the ordinary Electro- 
meter ; the other, on Secular Variation of Terrestrial and Atmospheric 
Temperature. The various plans employed for utilizing the sewage of 
great cities were explained by Dr. Thomas Anderson. Professor Grant 
described the different methods which have been proposed for deter- 
mining the distance of the Sun from *the Earth. Two of the papers 
printed in the Proceedings were contributed by Dr. John Taylor, one 
on a Means of Preventing Accidents in Diving Bells; the other, 
descriptive of an Electric Apparatus for Detecting Pieces of Metal in 
Gunshot Wounds. The only other paper inserted in the Proceedings 
was by Mr. William Gorman, on a Heat-restoring Gas Furnace for 
Heating Iron. These, together with several other topics introduced 
incidentally, without the formality of written communications, com- 
pleted the ordinary proceedings of the session ; to which the Council 
added the revised Rules of the Society, afterwards printed and distri- 
buted amongst the members. 

II. — Place of Meeting. — At the opening of another session the 
Council has had its attention anew directed to the inconvenience of the 
Society's present place of meeting. The residences of a great majority 
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of the members, as may be seen in the list, are at a considerable dis- 
tance from this Hall, and very generally situated in the western parts of 
the city. This has the effect not only of preventing a larger attendance, 
such as the interest of the proceedings might frequently be expected to 
attract to the meetings, but of actually occasioning the resignation of a 
notable proportion of the members every year ; while the same cause 
may be presumed to discourage an equal number from entering. The 
imperfect ventilation of the Hall is also a source of continued complaint 
by members attending the meetings. The means resorted to a few 
years since to prevent the access of moisture to the books in the 
Library have only proved partially successful, and many of the books 
are becoming injured by damp. It should not be overlooked, also, that 
the Hall is situated in dangerous proximity to an extensive oil estab* 
lishment, which is itself contiguous to a Wright's shop, and that the 
risk of the Library's being injured or destroyed by fire is thus not 
inconsiderable. In these circumstances, the Council is of opinion that 
the time has come when the Society should take measures for obtaining 
suitable premises in a more convenient district of the city, and which 
might be fitted up so as not only to be adapted for the accommodation 
of the Library and the meetings of the Society, but also for the 
occasional resort of the members during the day. There is reason to 
expect that the increased expenditure occasioned by removing to 
the westward would be counterbalanced by fresh accessions to the 
ranks of the Society. 

III. — A^ umber of Members, — After having hovered for several years 
on the borders of 300 members, the Society has gradually diminished to 
279, of whom 14 are at present in arrears of their annual subscriptions 
for two years. Members in these circumstances have hitherto been 
dropped from the list at the end of the third year; but under the 
revised Rules, no member is allowed to withdraw from the Society imtil 
he shall have paid his arrears, and given in a written notice of his 
resignation. 

IV. — Lectures, — ^The revised Constitution of the Society provides for 
the occasional delivery of Lectures on topics of scientific interest, 
which shall be open to the public, under such regulations as the 
Council may consider expedient. The Council hopes soon to be able to 
submit a proposal to the Society on this subject. 

V. — The Library, — The state of the Library will be reported upon 
by the Librarian. .In its management the Council is strongly of 
opinion that the money voted for the purchase of books ought to be 
expended on the acquirement of standard works in the various depart- 
ments of science, and especially those which are too costly to' be 
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wittiin the reach of prirate individuals. The Council will be glad to 
receive suggestions from the members as to the choice of books of this 
description, in the various sciences with which they are conversant; 
and in order to give a definite character to their co-operation, it is 
proposed to revive the Sections of the Society, with the view of each 
appointing a representative to act along vnth the CounciL 

VI. — Discussions, — As much valuable information is sometimes 
elicited in the discussions on the papers read in the Society, the Council 
proposes that an outline of the discussions should be printed in the 
Proceedings^ along with the papers, subject to the discretion of the 
President and Secretary, and that a trial be made of the plan during 
this session. The Council has agreed that for this purpose the services 
of a professional Reporter be obtained on special occasions. 

VIL — The Exhibition Fund. — ^The money accruing from the Exhi- 
bition of 1846, with interest, now amounts to £976. The conditions 
on which the money was lodged with the City Corporation will be 
fdmd in the minutes appended to the printed Proceedings of last 
fession. The Council sees considerable difficulties in the way of 
obtaining possession of the money for the use of the Society, and 
continues to give its attention to the subject. The Council will be 
glad to receive any suggestions from members of the Society, which 
may be serviceable in directing their procedure in this matter. 

The adoption of the Report was moved by Mr. Alexander Harvey, 
seconded by Mr. James B. Napier, and agreed to. 

Db. Bbtce, the Librarian, gave in a report on the Library, which 
now contains 3,739 volumes. 

The adoption of the Report was moved by Dr. Francis H. Thomson, 
seconded by Mr. George Smith, and agreed to. 

Mb. James Reid, the Treasurer, gave in the following Abstract of 

the Treasurer's Account for Session 1864-65 : — 

Dr. 

1864— JNTor. 1. 

To Cash in Union Bank of Scotland, £28 19 

„ Cash in Treasarer's hands, 11 10 IO4 

£40 9 104 

, , Entry -money and dues from 1 1 new Members at 42s. , £23 2 

„ Annual Does from 5 Original Members, at 5s., 15 

Da, from 1 Original Member for two years, 10 

Da, from 245 Members, at 2l8., 257 5 

Do., from 6 Members for two years, 12 12 



ft 



294 14 

„ Institution of Engineers for Rent, 15 

,, Interest on Bank Account, 2 2 

„ Taxes recovered from Landlord, 2 13 3 

£354 17 34 
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Cr. 

1864.-.Oc«. 31. 

By New Books and Binding, £90 14 5 

„ Printing Proceedings, Boles, Circulars, &c., 35 17 5 

,, Stationery, 6 4 3 

„ Subscription to Kay Society (two years), 2 2 

,, Salaries, Wages, Delivery of Circulars, &C., 117 7 4 

„ Bent, Insurance, Gas, &c., 53 5 8 

,, Petty Charges, Postages, and Taxes, 7 13 2 

„ Balance — In Union Bank of Scotland, £40 11 2 

,, Treasurer's hands, 1 1 104 

41 13 Oi 

£354 17 3t 

The Society then proceeded to the Sixty-fourth Election of Office- 
bearers. 

Db. Allen Thomson said that he was sure the entire Society sym- 
pathized with Professor Bogers, the retiring President, in the condition 
of infirm health which had prevented him from attending the Society 
80 regularly as he had wished, and as the members desired for their 
own benefit. He hoped that some of the circumstances which had 
weighed on their friend's mind were now at an end ; that the removal 
of causes of irritation in his native country would tend to the renova- 
tion of his health ; and that Dr. Rogers would speedily be restored to 
us with a revival of those remarkable powers of philosophical acumen 
and eloquent enunciation of scientific principles which had won for him 
a position of the highest eminence in this the country of his adoption. 
The Vice-President then proposed that Dr. Francis H. Thomson be 
elected President of the Society. 

The motion was seconded by Mb. Habt, and unanimously carried. 

The rest of the Office-bearers were appointed as follows : — 

Iprtsibtnt. 
Db. Fbancis Hat Thomson. 

tJut-^resibtnls. 

Pbofessob Axlen Thomson, M.D., F.B.S. 

James Bbtce, LL.D., F.G.S. 

l^tbrartHn. 
Key. Henbt Willla.m Cbosbket. 

CrtBsnrtr. 
Mb. James Beid. 

Stcrttaxs. 
Mb. William Keddds. 
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®i\tt ^tmbcrs xrf ContulK 



Mr. James Napteb. 
Mb. Robebt Habt. 
Db. John Tatlob. 
Mb. Jakes R. Nafieb. 
Pbof. W. T. Gaibdkeb, M.D. 
Prop. Robert Grant, LL.D. 



Mb. Edmund Hunt. 

Mr. William Neilson. 

Mb. James King. 

Mr. Daniel Macnee. 

Mb. John Bubnet. 

Pbop. Thomas Anderson, M,D. 



Db. Allen Thomson exhibited and described the skull of a Gorilla, 
an adult male. He directed attention to the striking difference in 
shape between the skull of the male and that of the female; also 
between the young and the adult form ; to the enormous development 
of crests of bone in the head for the attachment of muscles ; to the 
nature of the dentition and the large development of the canine and 
wisdom teeth ; to the situation of the occipital condyles, showing 
the nearly erect position of the animal ; to the rectangular line of the 
jaw; to the weight of the brain, being about fifteen ounces; to the 
points of resemblance between this and the human skull, and the much 
more important points of distinction between them. 



Novmber 29, 1865. — Dr. Francis Hat Thomson, on taking the 
ohair, acknowledged his sense of the honour which had been conferred 
upon him by his election to the office of President. He adverted to 
various methods of increasing the interest of the Society's proceedings 
and enlarging its influence ; and he expressed his earnest desire to justify 
the confidence which the Society had reposed in him, by devoting his 
most strenuous efforts to promote its prosperity. 

Mr. Thomas Small, 15 Berkeley Terrace; Mr. William Duncan, 
Coltness Iron Company ; and Mr. Alexander Donaldson, iron merchant, 
103 St Vincent Street, were elected members of the Society. 

The President brought under the notice of the Society a communi- 
cation from Mr. William Ferguson, stating that the Liverpool Chamber 
of Commerce had originated a public subscription for a Testimonial in 
acknowledgment of Admiral Fitzroy's services to the science of 
practical Meteorology, and in furtherance of which an influential com- 
mittee of noblemen and gentlemen had been appointed. Mr. Ferguson 
was of opinion that the proposal could not be more appropriately made 
known to the citizens of Glasgow than through the Philosophical 
Society, of which he was formerly a member. The President added 
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that the Council would bring before the next meeting of the Society a 
definite proposal on the subject. 

The following papers were read, viz. : — 

*' On the most Profitable Speed for a fuUj-laden Cargo Steamer for 
a given Voyage." By Mr. James R. Napier. 

'* On the Luminosity of the Sea.*' By Messrs. David Robertson and 
William Keddie. 



December 13, 1865. — The Pbesidekt in the Chair, 

Mr. George William Munro, M.A.y merchant, 4 Melrose Street; 
Mr. William Holms, manufacturer, 9 Park Circus ; and Mr. J. B. 
Gilmour, engi*aver, 3 Royal Exchange Place, were elected members 
of the Society. 

The President read a statement which had been approved of by the 
Council, recommending to the Mercantile and Shipping interest in 
Glasgow the Testimonial in acknowledgment of the late Admiral 
Fitzroy*8 services to the science of practical Meteorology, and especially 
to the mercantile marine of the country, by forecasting storms on 
principles which would be applied by his successors. It was agreed 
that the statement should be laid down at the bar of the Royal 
Exchange and of the Western Club. 

The Pbesident intimated that James M'Lagan having resigned 
the office of Sub-Librarian, the Council had appointed John M'Quaker 
in his place. 

Mb. James R. Napieb read the remainder of his paper " On the 
most Profitable Speed for a fully-laden Cargo Steamer for a given 
Voyage." 

There was read a communication from Pbofessob Hekby D. 
RoGEBS, dated *' Boston, Massachusetts, United States, 16th Novem- 
ber, 1865," " On Petroleum," — its Nature, Distribution in Depth, 
Durability of Supply, Classification of Mineral Oils, their Geological 
Relations, Individual Peculiarities of some Oil Wells, " Life-time " 
of Oil Wells, Surface Indications of Subterranean Petroleum, Statistics 
of Annual Produce. 



On Wednesday, the lOth of Jamiary, Mb. Johk Zefhaioah Bell, 

of London, delivered a Lecture, under the auspices of the Society, in the 
Corporation Galleries, " On Story in Fine Art," 

On Tuesday, the 16th of Jantuury, Mb. Bell delivered a second 
Lecture in the same place, the subject being " Story in Ornament." 
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January 24, 1866. — The President in the Chair. 

Mr. E. Brace Bell, Civil Engineer, Cliflon Street, and Mr. James 
M*Into8h, 3 Abbotsford Place, were elected members of the Society. 

Dr. Bryce presented four volumes of the " Diplomatic Correspond- 
ence of the United^ States, in 1864," the gift to the Library of J. M. 
Bailey, Es q. , M. D. , United States Consul in Glasgow. The thanks of the 
Society were voted to Dr. Bailey, to be communicated by the Secretary. 

Mr. James R. Napier presented a pamphlet, 4to, " On the Magnetic 
Character of the Armour-plated Ships of the Royal Navy," by Frederick 
John Evans, Esq., Staff-Commander, Koyal Navy. The thanks of 
the Society were voted to Commander Evans, to be communicated by 
the Secretary. 

PBorESSOB William Thomson exhibited and explained an improved 
arrangement of Magnets for the Electro-magnets and Coil used in the 
Jones' system of controlling Clocks electrically. He' also exhibited and 
described several new Electrometers, constructed under his direction 
by Mr. Whyte, instrument-maker, Glasgow. 

Fdyruary 7, 1866. — The Pbesident in the Chair, 
The following gentlemen were elected members of the Society, viz. :— 

Mr. George Birrell, merchant, 62 Jamaica Street. 

Mr. Matthew Muir, Tradeston Mills. 

Mr. St. John Vincent Day, civil engineer, 166 Buchanan Street. 

Mr. Jaihes Bell, 261 West George Street. 

The Pbesident stated that the Council had agreed to request the 
members of the Society to intimate to the Secretary to which of the 
Sections of the Society they wish to attach themselves, conformably to 
Bule IX. ; and that a similar request be inserted in the circular calling 
the next general meeting. 

Mb. Richabd Bbowk read a paper, entitled, ''A few Remarks on 
the Treatment of the Cattle Plague.'* 

February 21, 1866. — Tlis Pbesident in the Chair. 

li/Lr. Gregory Bird, tar and oil distiller, 8 Berkeley Terrace, was 
elected a member of the Society. 

The following members were appointed to represent the Society in a 
General Committee of the Philosophical, Scientific, and Art Societies of 
Glasgow, to consider a proposal for accommodating these institutioniB in 
one building, viz. : — Dr. Francis Hay Thomson, President, the Lord 
Provost, Dr. Allen Thomson, Dr. James Bryce, Professor William 
Thomson, Mr. William West Watson, city chamberlain, Mr. Walter 
Crum, Mr. James Reid, Mr. Alexander Harvey, Mr. Michael Connal, 
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Mr. George Anderson, Mr. John Burnet, architect, Mr. R. Bruce Bell, 
Mr. James King, Mr. James Napier, chemist, Mr. William Ramsay, 
Mr. Robert Hart, Rev. Henry W. Crosskey, Mr. Daniel Macnee, Mr. 
James Young, Mr. Neil Robson, Mr. William Keddie. 

Pbofessob Gbant read a paper "On the Determination of the 
Longitude of the Glasgow Observatory by Galvanic Signals.** 

March 7, 1866. — The Pbesident in the Chair. 

Mr. Peter Ferguson, brush-maker, 296 Bath Crescent, and Mr. John 
E. Poynter, 72 Great Clyde Street, were elected members of the Society. 

A letter was received from the Secretaiy to the Imperial Geogra- 
phical Society of Vienna, inviting an exchange of publications between 
the two Societies. The Secretary was instructed to intimate compliance 
with the request, and to forward a complete series of the Praooedings 
to the Imperial Geographical Society of Vienna. 

Mb. Cbosskey; the Librarian, reported the presentation to the 
Library of a series of publications from the Royal University of Sweden, 
including memoirs on Natural History by Sars, Hoch, and Siebke, 
and astronomical observations by Astrand; also, a part of the 
Tran8a>ction8 of the Imperial Academy of Sciences of St. Petersburg y 
The Librarian was authorized to send copies of the Proceedings of 
the Society to the different Continental Universities, should they 
agree to grant their Transactions in exchange. 

The Pbesidekt called attention to the notice in the billet, stating 
that the Council recommended to the members to attach themselves to 
Sections of the Society according to the objects of their pursuit, 

A letter was received from Mr. James R. Napier, resigning his office 
as a member of Council. The Society agreed, on the recommendation 
of the Council, to request Mr. Napier to retain his office till the close of 
the present year. 

Pbofessob Gaibdkeb read a paper "On the Function of Articulate 
Speech, and on its connection with the Mind and the Bodily Organs ; 
illustrated by a reference to recent Observations on certain Diseased 
States of the Brain." 

Db. Saiitdebs, of Edinburgh, supplemented the paper with some 
observations; and in the discussion which followed. Dr. Allen Thomson, 
Mr. Crosskey, and the President, took part 



March 21, 1866. — Db. Bbtce, Vice-President, in tM Chair. 

Mb. Cbosskey reported the following gifts to the Library : — 
On the Expansum of Satvo'aJted Vapours. 8vo, pp. 8. By Professor 
W. J. Macquom Rankine. From the Author. Thanks voted. 
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On tfie Secular Cl^ange of Temperature of tits Air at Greenuncli. 
8vo, pp. 8. On tlie HeiglU and Velocities of the November Meteors of 
1865. 8vo, pp. 6. By Mr. A. S. Herschel. From the Author. 
Thanks voted. 

Db. Bbtce made a communication " On the Geological Structure of 
the Earthquake District of Perthshire." 

Mb. W. Ki:DDi£ read an account of recent observations by M. 
Milne Edwards, M. Pasteur, <Sbc., on the subject of so-called Spon- 
taneous Greneration. 



April 4, ISSS.-^The Pbesidbnt in the Chair, 

The Pbesident intimated that the Council continued to give its 
careful attention to the obtaining of suitable accommodation for the 
Society, but had no immediate prospect of a successful issue to its 
inquiries. 

Db. Thomas Aitdebsok gave an account of *' Some Kecent Changes 
in the views entertained by Chemists regarding the Constitution of 
Chemical Compounds." 



April 18, 1866. — Db. Allen Thomson, Vice-President^ in the Chair, 

The following gentlemen were proposed as members of the Society, 
viz. : — Mr. Paul Dorn, chemist, 151 North Street, and Mr, Sigismund 
Schuman. 

Mb. Edwabd a. WiJNScn gave an account of recent discoveries 
made by him in the Coal Formation in Arran. 

Mb. Young, of the Hunterian Museum, made some supplementary 
observations. 

Db. Allen Thomson exhibited and described the Hearts of the 
Reptilia. 

Pboeessob W. J. Macquobn Rankine gave in a paper " On the 
Estimation of the Evaporative Power of Fuel" 

The Vice-Pbesident, in announcing the termination of the Session, 
congratulated the Society on the increase of its members and the 
variety and interest of its proceedings during the past winter, and 
hoped that the members would all return at the commencement of 
another session, resolved to cany on the business of the Society with 
unabated vigour. 
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GEinxEMXN, — Allow me to thank yoa for your presence here this 
evening, and congratulate you upon our once more meeting, on this the 
Sixty-fifbh Session of our time-honoured Society. During the long 
period of its existence it has gradually increased the number of its 
members, and truly shown the important results of its proceedings. 
In a igreat city hke Glasgow, where the arts and sciences have kept 
pace with its population and profiperity, it is doubly necessary that a 
Society like this should not only be fostered by all well-thinking men, 
but take a high place amongst the educational institutes of this con- 
stantly and rapidly increasing city. Our library is valuable and large, 
and now contains 3,875 volumes, amongst which may be found all the 
best books for reference in every specialty, and it is the anxious desire 
and study of the Council to increase such facilities. Before going into 
the subject-matter of my address to you this evening, allow me briefly 
to refer to the serious loss that the Society has sustained in the death 
of Professor Rogers, our late much-respected President, — a man who, 
amongst his many high qualities, combined deep research with great 
power of communicating his valuable knowledge. And I feel that we 
must all deeply regret that such a man has been taken from us in the 
prime of his life, and when he was becoming so eminently useful in his 
own special department of science. During the last session of his presi- 
dentship, in consequence of the feeble state of his health, he was not 
much amongst us, and this I know he r^^tted. It 'was pretty evident to 
all who had the pleasure of his acquaintance, that his health had been 
seriously shaken, but no one could realise that the end was so near. 

He went to America for the purpose of bracing himself up for the 
Vol. VL— No. 3. l 
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winter campaign, but only returned to be attacked by his last and fatal 
illness. It may well be said of him, that " take him for all in all, we 
shall not look upon his like again." 

So many eminent men have from year to year addressed yon from 
this chair, and given so much containing deep and scientific matter, that 
I may well feel diffident in placing before you the observations which I 
have prepared. In thinking over what I had to say to you this evening, 
it appeared to me that, former Presidents having generally given a sort 
of condensed report of what was extraordinary or new in science during 
the past year, it struck me that I might, with justice to you and myself, 
give you a comparative vidimus of the rise and progress of some of the 
workshops of Glasgow; and although it would be impossible in any 
address Uke this to go into the details of each and every trade, I think 
a judicious selection may be made of those which have tended most to 
our prosperity; and as iron forms a most prominent element, I propose 
first to take up this subject. 

If we look back to the past history of Glasgow, and compare the popu- 
lation 80 years ago with what it is now, being a difference between 60,000 
and 440,000 in the census in 1865, one cannot help being very much 
astonished at the almost unprecedented increase both of our population 
and commercial prosperity. At that early date there were no ship- 
builders, power-loom factories, ironfounders, machine-makers, or iron- 
masters. There was one engineer and a coal-master. In the Directory 
for the year 1866 we find — 



194 Engineers. 
138 Coal-masters. 

84 Iron-masters. 
124 Founders. 
160 Iron Merchants. 
119 Ironmongers. 

34 Edge-tool Makers. 

77 Machine-makers, 

23 Nail-makers. 

16 Chain-makers* 



13 Iron Fence Makers. 

1^ Lock and Hinge Makers. 

8 File Cutters. 

8 Metal Cast Makers. 
31 Wire Rope Makers. 
44 Tube-makers. 

7 Iron Bedstead Makers. 
13 Gun-makers. 

2 Large Locomotive Engine 
Works. 



as also sundiy other minor divisions; and, to sum up the whole, we have 
nineteen large shipbuilding yards, turning out, during the year 1865, 
iron steamers, iron sailing ships, barges, composite steamers, sailing 
ships — 242 in all, with a tonnage of 153,032. 

In the year 1864 the total steam shipping vessels registered for all 
England was 2,490, with a tonnage of 679,281. Glasgow at this date 
owned of this number 233, being about one-tenth in quantity, and one- 
eighth in tonnage of the whole mercantile steam navy of Great Britain 
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and IrelaDd. As an indication of the increased demand for iron vesseb, 
in 1865y oat of the gross number, 242, there was not one wooden 
steamer. And to carry out this object 25,000 men were employed, 
which on a fair average would represent 100,000 souls — three indi- 
viduals being apportioned to each workman ; and £4,000,000 being 
required to bring about this result. And in quoting the prosperity and 
practical knowledge of the shipbuilders on the ClydCy it is matter of 
much gratification for us to know, that in the great China tea race 
which took place this last year, three out of the four were built at 
Greenock— viz., the " Taeping," 767 tons ; the " Ariel " 853 tons ; and 
the " Serica," 708 tons, — ^the " Taeping " arriving first, and the otibera 
within an hour after. One great element of prosperity observable in 
this special department of applied science is of course very much, if 
not altogether, the result of our productive coal and iron fields, and 
we cannot help being very much struck at the rapid elimination of 
these industrial results. 

As at the'29th of December, 1805, we have in Scotland — and principally 
connected with Glasgow — twenty great proprietors of iron smelting 
works, represented by thirty establishments containing 163 furnaces; 
and at this date 163 were in blast and 29 out of blast, — ^the quantity 
of iron produced being 1,1641,000 tons, requiring for its production — 

Coal, . 19,100,000 tons; | Dross, . 7,566,000 tons; 
Cal. Bl. Band, . . 19,788,000 tons; 

and, taking the cost for wages alone at 86tf. per ton, the total capitai 
represented would be £2,095,200. At the same date the shipments 
from Scotland were 1,272,000 tons, and the stock in hand 652,000 tons. 
One might go on to any extent in giving statistics of these great ele- 
ments, iron and coal, as being the active agents in this rapid increase 
of commercial Glasgow, but sufficient has been said to show the impor- 
tance of the subject. 

In endeavouring to place before you the history of some of the most 
important workshops which have conduced to this prosperous state of 
matters, I shall endeavour to explain, as practically as possible, the re* 
ault of each work which I visited; and, in the first place, allow me to 
carry you along with me to the large and important establishments of 
Messrs. Bandolph & Elder, who are not only very extensive engine 
makers^ but possess one of the most important building^yards on the 
Clyde. 

On first entering the engine works, the magnitude of the building is 
at once apparent, the length being 270 feet by 100 broad, exclusive of 
the galleries, which, in fact, are large and deep workshops. The whok 
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building is covered in with a glass roof, giving ample light and protec- 
tion to all the departments. On looking up you see galleiy rising 
above gallery, where from 500 to 600 men are all earnestly employed 
at taming, slotting, planing, boring, and pattern-making ; in fact, en- 
gaged in the production of all the different materials required in their 
large and expensive business. The first important object that strikes 
the eye on entering the yard is a compact beam-engine, working up to 
80 horse-power, which drives the whole machineiy in the place. The 
first department visited was the engine-fitting yard. This consists of a 
space 200 yards long by 50 broad, forming the back of the work, fitted 
up with four steam derrick cranes, each capable of lifting five tons, 
which can be combined and concentrated almost at any point. Im- 
mediately below the roof there is a large travelling crane capable of 
lifting sixty tons. The wheels of this crane fit on the outside of the rails, 
and thus tend to increase the strength and stability of the 200 feet wall, 
which otherwise might some day bulge out under the influence of a 
heavy pair of engines. The strength is also increased by heavy iron stays 
on the inner side. Beyond this rail and towards the other wall, you 
have a reflection of the galleries coming round from the main-yard, 
under which may be observed a number of large slotting and turning 
machines, applicable to heavy work, both vertical and horizontal. At 
the period of my visit the yard was rather empty of work, several 
heavy pairs of engines just having been sent out, but there were two 
pairs pretty nearly finished — one pair, 80 horse-power, for Spain, and 
the other, 160 horse-power, for China. 

We now proceed to the blacksmith shop, where 30 smiths* fires and 
three steam-hammers (one by Condy, and the two others by Rigby <& 
Beardmore) were all hard at work, forging, in the rough, all the different 
parts required in the production of an engine. Next to this was the 
large store-room, containing stock of all kinds, checked by clerks, 
who register every item given out. Up stairs, in the first gallery, 
which surrounds three sides of the work, are somewhere like 80 
lathes, punching and slotting machines of a smaller description than 
those in the basement, with about the same number of vices. Above 
this, in gallery No. 2, pattern-making of every description was going 
on; also the adaptation of wooden teeth to iron wheels, which is much 
preferred for certain kinds of work. A portion of this gallery is devoted 
to the manufacture of donkey engines, of which 250 are generally pro- 
duced yearly. The third gfallery was principally used as a drawing* 
room and certain portions of fine pattern-making. The fourth gallery 
was partly used for the different sawing machines, and amongst them 
the endless band saw. This beautifully-arranged work has turned out 
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during the last twenty-seven months 5,565 horse-power, besides doing 
a very large general business. 

I afterwards paid a visit to the large building-yard, which covers 
17 acres of ground, and is fitted up with every requisite for carrying 
out their extensive business; but I cannot do better than here quote a 
letter which Mr. Elder was kind enough to write me, in answer to 
one from myself, requesting permission to see the works, and I should 
herewith wish to acknowledge the extreme courtesy with which I waa 
received by both the partners, Mr. Randolph himself accompanying 
me over the works : — 

"Glasgow, IZtk Sept., 1866. 
"F. Thomson, Esq. 

" Mr DEAR Sir, — ^Referring to your favour of yesterday, I need not say 
it will g^ve my firm much pleasure to see you at any time, for any pur- 
pose, in any of the works, and that if I can be of any assistance in giving 
you statistics for your proposed paper, I shall do so with much pleasure. 
Our trade is a very variable one, but the last three years should form 
something like what we could do when fully occupied. There have been 
large additions made since last year, which have not yet been brought 
into operation, and we are about to make further extensions, which will 
also add considerably. Our present capacity is about a vessel of 1,000 
tons evety two weeks, fitted with engines complete. We have not done 
so much as this quantity, however, and I suppose the best way is to state 
the amount in money, say about £800,000, during the last two years. The 
wages bill is upwards of £200,000 for that time, and the number of men 
(including labourers and apprentice boys) has varied from 3,200 to 2,000; 
though we expect to do a half more work with a half more men, should 
circumstances require. 

** We launched in the last twenty-seven monthf 
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'* We have also just completed two Floating Graving Docks, iron, viz. — 
one in Saijon Cochin China, for the French Grovernment, and the other 
in Callao, in Pern, for the Callao Dock Company. These Graving Docks 
have each about 8,000 tons of malleable iron, and are fitted up with 
powerful pumping engines, capable of lifting the largest class man-of-war 
out of the water in less than three hours. 

"Each dock .is 300 feet long, 76 feet broad, and 40 feet deep in th® 
walls, and capable of docking ships drawing 27 feet of water. These 
docks taken together may equal 2,000 tons of ships ; they cost complete 
£100,000 each. We also make a good deal of gearing for cotton mills 
and factories of every description. — Yours truly, 

(Signed) "John Elder." 

PARKHEAD FORGE— RIGBY & BEARDMORE. 

I had promised myself much pleasure in paying a visit to the above 
mentioned works, and I assure you, gentlemen, it was fully realized. 
I went out quite unexpectedly, and was met by both the Messrs. 
Bigby, who represent the large interests of this most important 
establishment. I came upon them at a time when they were but just 
recovering from the effects of a fearful accident, which must be fresh in 
the memories of all, — viz., the sudden explosion of one of their vertical 
steam boilers, by which seven men were killed and many wounded ; and 
although I could not discover any trace of hiatus that had been 
made, yet one could not help being struck with the sad appearance of 
the whole place. Of coarse, the work looked like a bee-hive, and all 
the men were evidently intent upon their various duties ; and when 
one contrasted the blazing furnaces in active employment in various 
parts of the work with the desolate darkness of that portion where the 
accident had taken place, a melancholy feeling stole upon me which 
was very difficult to avoid in going over the practical details, which 
were so well brought before me and explained by both gentlemen. 

The first place we entered was the machine shop— a well-constructed 
building of about 150 feet in length, and about 50 broad. This cop- 
tained several huge instruments, which, compared with what I had 
seen in other works, looked like huge leviathans. In the first place, 
there was an engine of 15 horse-power entirely devoted to this place, 
which had for its work the driving of the various lathes and slotting 
machines, capable of executing work for the largest vessels in the 
world. For instance, I saw in process of planing, by one of the 
slotting machines, a rudder frame for a transport vessel, weighing nine 
tons. The turning-lathe is also one of the largest in the world ; and 
they have also a boring machine, capable of going through large masses 
of iron, the diameter of the drill being 10 inches. The ki^ planing 
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xnacbine was made by Harvey, and ia the largest in Scotland, except 
the Messrs. Napiers', as also the slotting machine made by Shanks. 
There were also various other turning machines, in which I observed 
large double crank-shafbs, all in active operation. 

The smithy was the next shop we entered, and a most extraordinary 
appearance it presented, as the time of my visit was after dark ; and to 
see the men running about like so many fiends, g^ve the place a most 
extraordinary appearance. Although difficult to define the multifarious 
operations carried on in this shop, yet the most apparent I shall 
attempt to describe: — To work the huge masses of metal you have 
cranes of the most powerful description, acting in concert with the 
masses of iron which are brought out of the heating furnaces : and 
to show the power at their command, I may mention that they have 
them in the following order : — -. 

4 capable of lifting, . • . . . . 40 tons. 

2 „ 50 „ 

4 „ 12 „ 

These supply food for thirteen steam hammers, principally of the patents 
of Bigby and Naysmith, the average weight of the blocks being from 
one to seven tons. 

The next, the scrap-shop, is a very important apartment, and well 
worthy of notice. On first entering, you are surrounded by perhaps 400 
or 500 tons of scrap iron of all descriptions, which is being conveyed by 
boys to a pair of large double-acting shears, capable of catting through 3 
inches of solid iron as you would cut a piece of cheese, and whose huge 
maw is constantly supplied by ten corps of twenty or thirty boys, super- 
intended by one steady foreman. If a piece of cast iron unhappily gets 
amongst this, it flies off, and might injure a number of them. An instance 
of this took place whilst I was looking on, and the poor unfortunate boy 
who brought the piece got into great disgrace, as it flew about in every 
direction, to the personal danger of all ooneemed. From this the iron 
is taken, weighed, and placed in parcels, and from thence conveyed into 
the shingling house; where it is first put into what you would call the 
scrap furnaces, then into the heating furnaces ; from thence it is taken 
and placed under the steam hammer, where it is shaped and brought 
into a condition to be welded and formed into all the various shafbs and 
cranks for which the work is famous. Each steam hammer does the 
work of four furnaces. As a result of this shop, I saw in another part 
of the work an immense crank i^plicable to 200 horse-power ; and Mr. 
Beardmore told me that they had that day got an (Mrder from Oovem- 
ment for one weighing 36 tons ; that of the ^ Black Prince^" 
which was made by them for the Messrs. Napier, only wei^ban% 21 
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tons. This is the more extraordinary as to bulk of material, for 
one-half of that used is lost, in the shape of silicate of iron, during 
the different processes to which it is subjected in its progpress through 
the works. 

The roUing mills next attracted my attention ; and although not 
strictly devoted to rolling, seeing that at one end you have thirty 
puddling furnaces, seven re-heating furnaces, and two shingling 
machines, yet the one is so intimately connected with the other as to 
be economically placed under one roof, which covers a space 300 feet in 
length by 150 feet wide. The rollers are driven by two horizontal 
engines of 300 horse- power, made by Messrs. Napier & Sons, of the 
Lancefield Works, supplied by fourteen vertical boilers, heated from the 
paddling furnaces and others, and driving a fly-wheel of 18 tons weight, 
at 100 revolutions per minute. Whafc might be the effect of an acci- 
dent in this shop you may well conceive. 

The iron produced from this place is principally boiler-plate, and 
formerly armour-plates for vessels of war. But such has been the 
competition lately in England, that for some months past this portion 
of the work has been silent ; but sufficient still goes on to absorb the 
greater portion of their powerful engines. The iron from which the 
boiler-plate is produced is puddled iron, made principally from Messrs. 
Baird & Co.'8 best brand, in which the aforementioned puddling and 
reheating furnaces are used. The men in this shop are all on piece- 
work ; and many of them can make, if so disposed, £1 per day. But, 
alas ! I am told that those men are constantly in degprading poverty. 
Whilst the proprietors of this work were tempted into the manufieicture 
of armottr-pktes, they gained a very high character ; and if they had 
the convenience of a railway into their works, would, I have no doubt, 
eompete with the best houses in England ; but the expense of carriage 
is 80 immense — some of those plates manufactured by them weighing 
as much as 12 tons each — they have thought it wise at present to 
avoid competition. 

The annual quantity of coal used in this work is 60,000 tons, and 
the quantity of iron consumed is 15,000 tons. The ordinary number 
of men is 700, and the average fortnight's wages £1,400 ; when in full 
work, as much as £1,700. 

ATLAS WORKS-J. M. ROWAN & CO. 

Haiong thus given you a somewhat detailed account of some of the 
large engineering works, I come to one which possesses much interest — 
namely, that of our friend and member,- Mr. John M. Bowan, of the 
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Atlas Works, who has shown great energy and determination of char- 
acter in the adaptation of anything new in engineering or applied 
science, and whose latest endeavour has heen the practical application 
of Mr. Bessemer's process for making 'steel. I do not intend to give 
you a laborious description of all the early struggles which were met 
with in bringpbg about this simple and beautiful process — for on many 
occasions in this room it has been well described, and may be partially 
known to all — ^but it will be right to refresh our memories with the 
general features of what is likely to turn out one of the greatest discov- 
eries of the day. Mr. Bessemer, whilst investigating the possibility of 
producing a malleable metal in a cheap form, suited to the manufacture 
of ordnance, tried a mixture of cast steel and cast iron, without any 
great success ; he at last hit upon the idea, that by blowing common 
air through melted iron, a certain purification would take place. A 
quantity of cast iron having been melted in a cupola furnace, it was run 
into an iron vessel lined with fire-clay, which had previously been 
brought to a white heat by the use of a blast engine, and this air being 
forced through and amongst the melted metal, produced such a dazzling, 
volcanic irruption of brilliant coruscations as appeared to be almost 
blinding. 

The result of this operation was a steel of good quality. Of course, 
this new process produced intense excitement amongst metallurgists of 
the day, and although to a certain extent imperfect as to the practical 
working properties of the metal produced, it formed the nucleus of what 
is now one of the most perfect processes that we know in metallurgy. 
To Messrs Rowan &> Go. belong the credit of practically introducing this 
process into Scotland ; and although they admit at their first outset great 
difficulties in the practical and economical use of the process, they are now, 
after two years' hard work, beginning to reap the benefit of their spirited 
enterprise. The process, as carried out by them, may be thus described ; 
and this information was furnished to me by Mr. Rowan, jun., who 
takes full charge of this department in the works : — 

The process is carried on in a fire-proof house, and, on entering, the 
most conspicuous object is unquestionably the converter, a vessel of a 
pear shape, made of stout boiler-plate, and lined with a powdered silicious 
stone known as gannister — a far more durable substance than fire- 
brick. The convertor is mounted on trunions, which rest on stout 
iron standards, and it may be turned in any required position by means 
of gearing worked by hydraulic power. There is an opening at the top 
for filling it with the molten crude iron, and for pouring out the steel 
after being manufactured At the bottom of the vessel are inserted 
ieyen fire-plate tuyeres, each having seven holes, through which, th^ 
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blast of the engine is admitted. Before commencing to charge the 
converter, its interior is brought to a white heat by coke, the blast 
through the tuyeres urging the fire. Whilst the convertor is being 
heated, opportunity is afforded to the spectator to inspect the reverbera* 
tory fumaoe adjoining, where the pig-iron is melted. The convertor 
being sufficiently heated, it is turned upside down, and all the un« 
burned coke falls out. The mouth of the vessel is then brought into a 
level with the spout of the furnace, which is tapped, and the molten 
pig-iron runs into the convertor. When the proper charge of pig- 
icon has been run in (in Messrs. Bowans* case, about d^ ton8)i 
the blast is turned on, and the vessel quickly moved into a vertical posi- 
tion, with, of course, the mouth upwards. The blast, at the pressure of 
15 to 18 to the square inch, now rushes into the fluid metal from 
each of the forty-nine holes of the tuyeres, producing a most violent 
agitation of the whole mass, and most intense combustion, — the combi- 
nation of silicon and carbon with the oxygen of the air is eliminating 
most combustible gases. While this is going on, all the impurities in 
the pig-iron are carried off in brilliant flames, which. illuminate the 
whole building, throwing brightest gas-light into the shada Daring 
the period of blowing, several important changes in the flames 
take place, by which the state of the metal is known, and at the end of 
fifteen to eighteen minutes a decided alteration is observed, when the 
vessel is immediately turned down to the horizontal position, and the 
blast shut off Thorough decarbonization is now effected, and the 
mass is now in the condition of malleable iron. 

To make it into steel of the required temper, a known quantity of 
carbon must be given back, and this is effected by running into the 
convertor, from another furnace, a proportion of melted magnesian 
spiegle iron, which completes the converting process. The convertor 
b then tipped further forward, and the fluid steel is run in a rough 
casting-ladle, which is made of a similar material with the convertor, 
and is carried by a hydraulic Uft to the moulds which are prepared for 
the steeL Instead of tilting the casting-ladle when pouring into the 
moulds, there is a conical valve of fire-^lay in the bottom, which is 
easily and safely worked; and this plan of tapping the metal from bdow 
has the advantage of preventing scoria or other floating impurities from 
running into the moulds. By this process from 1 to 10 tons of iron 
may be converted into cast steel in less than half an hour ; with the 
loss of from 18 to 20 per cent, on the weight of the pigs, at com- 
paratively small cost for fuel Indeed, Bessemer steel is now produced 
by Messrs. Rowan and others at best iron prices. It is not to be 
wondered at| therefore, that it ia now coming into pretty general use 
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where malleable iron has hitherto been employed — such as for railways, 
axles, rails, and tyres, piston rods of steam engines, plates for steam 
boilers, and more recently the hulls of ships. For the latter purpose 
Bessemer's invention will doubtless be found most valuable, the tough- 
ness and strength of his steel enabling much thinner plates to be used 
in shipbuilding, for mercantile purposes, and in men-of-war, enabling 
them to carry invulnerable armour-plates. 

When I visited the works, they were about converting and casting 
some large blocks, which were afberwards to be hammered and rolled 
into railway tyres, and I was much struck by the facility with which 
the whole ponderous machineiy was worked by one man, who set the 
thing in motion by turning a small crank. The only difference in the 
process now^ from what it was when the preceding report was written, 
consists in the fact that only hematite iron is used along with the 
speigle. The charge that was run out during my visit produced eight 
or nine blocks, which were taken and placed under a large Naysmith's 
steam hammer, and from thence to the rolling mills, where they were 
converted into solid railway steel tyres. Mr. Rowan informed me that 
the produce of the furnace charged at 5.30 A.M., and run out about 
9 A.M., was deUverable in the form of tyres next morning. The 
proprietor also carries on to a very great extent the manufacture 
of composite railway wheels and buffers for the English market, and 
which have a veiy high character, and for the production of which a 
great portion of the work is specially arranged. Mr. Bowan complains 
a good deal that, when cast in large blocks, the Bessemer steel is 
rather uncertain in its quality ; but time and practice — if the theory 
is quite a correct one— will overcome all difficulties. 

Whilst upon the subject of Bessemer steel, I cannot refrain from 
mentioning a visit which I had the pleasure of making this season to 
the extensive works of Charies Gamell & Co. (Limited), Sheffield, who 
are now about the largest makers in England. For one woric alone, 
the Cyclops, they pay £400 per week for license fees to Mr. Bessemer. 
The Cyclops works are about the oldest in Sheffield, and when first 
erected stood alone, surrounded by grass fields. The locality is now 
one of the most populous, and encompassed by streets on all sides. 
The progress of the work has been most steady in its increase, and 
there is hardly now one in Europe to beat it. Much has been said 
about foreign works of the same kind, especially steel works^ and which 
have been held up as beating anything in England ; but this work, 
entirely supported by private enterprise, competes snocessfully with 
those huge enterprises supported by fordgn governments and the influ* 
enee of large capital. The prineipnl products of this work have been 
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steel instruments of every description, also large orders by home and 
foreign governments for railway plant, engines, armour-plates, &a 
The works cover upwards of 50 acres, and constantly employ between 
3,000 and 4,000 men, with a working capital of £1,000,000. Twenty 
converting furnaces are constantly going night and day for the produc- 
tion of cement steel, 500 melting furnaces being employed for the 
purpose. A large quantity of this material is used for the manufacture 
of cannon shot and shell, railway tyres, forging, and all kinds of steel 
required by engineers. Lately the manufacture of iron has been added, 
sixty puddling furnaces being employed, with all the required machinery: 
200 tons of armour-plates can be produced weekly. 

The long planing shop, where the finishing of the armour-plate is 
carried on, is one of the finest in England, and contains twenty large 
planing and slotting machines. A large travelling crane is also 
employed, capable of lifting 20 tons. Plates fourteen inches thick 
have been rolled, and a steam portable crane moves about the yard for 
lifting extra weights. 

These works also produce locomotive frame-plates, and everything, 
in fact, that is required by a locomotive or steam engine. The average 
turn out of springs alone for locomotive and other carriages of every 
description is at the rate of 120 per week. These springs are severely 
tested by hydraulic power before being sent out. 

This same company have also enormous works at Grimsthorpe and 
Penriston. 

HYDEPARK LOCOMOTIVE WORKS, SPRINGBURN. 

I now come to a very important work, and one which I approach with 
some diffidence, as requiring some skill to describe the elaborate and 
beautiful organization by which the Locomotive, from the commence- 
ment, is gradually arranged in all its minute parts, and ultimately 
turned out in its finished condition. Although I feel aware that many 
know so much more than perhaps I can describe or explain, yet I 
think it necessary, before going into details, to devote a few minutes 
to the histoxy and origin of the locomotive, and refresh our memories 
with the brief outline of the leading facts connecting the earliest 
attempts with the present exquisitely sensitive and delicate, but 
at the same time powerful structure, which has been the result of much 
industry and labour. 

In 1763 a man named Cugnot, a Frenchman, was the first who 
exhibited a model of a steam carriage; but it altogether wanted 
regulating power, and was ultimately laid aside. Next, in 1784 and 
1786, we have Symingtoa, the inventor of the steam-boat, who made 
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a working model for road parposes, bat it never was practically used ; 
in 1784 we have also William Murdoch, who made a working model which 
ran away from him at the first trial, and nearly frightened the clergy- 
.man of the parish out of his senses, when he observed it coming along 
the road like a fiery monster. Others followed with like success ; but 
the first practical engine was constructed by one Bichard Trevithick of 
Cornwall: this was sent to London for exhibition; but, from the then 
bad state of the roads, had no great practical result. This took place in 
1802. In 1804 this gentleman again tried his hand, and applied his 
engine to the iron way, as it was then called, horse traction having 
only been used up to that date. The trial took place at Merthyr 
Tydvil, in South Wales. In 1815 he further improved his invention, 
but ultimately seems to have abandoned the whole matter, an idea 
having become fixed in his mind that under no circumstances could 
heavy weights be dragged behind the eng^e, in consequence of the 
insufficiency of the grip or bite, and that the only result would be 
slipping round of the wheels upon the rail. In 1811 a Mr. Blenkinsop 
took the matter up, and tried a tooth trail. This system, with modifi- 
cations, was worked, and the engine certainly used, and with some 
profit, for dragg^g coal waggons, although at a very slow speed. But 
I must now come to the first truly practical experiments, which were 
inaugurated about this time on the Liverpool and Manchester lines. 
For many years the locomotive departments of this and other early 
lines had to go through many difficulties to meet the requirements of 
a fast-increasing traffic. And unfortunately it was not with a calm 
deliberation that the various improvements and experiments could be 
carried out; for even when imperfections were known to exist, the 
alterations had to be executed hurriedly at night, in order that the 
requisite power might always be present to meet the daily requirements 
of business. These struggles have gradually culminated in the present 
almost perfect illustration of applied industry. 

The locomotive engine, which in the early days had only four wheels, 
and cost on the average £550, is now superseded, both on the broad 
and narrow gauge, by the six or eight-wheel engine, costing £2,500, and 
weighing 20 or 30, or even 40 tons. The first successful engine 
on the Liverpool and Manchester line was only required to draw 
three times its own weight One of the powerful engines on the 
Great Western line will now drag, without difficulty, thirty passenger 
carriages, each weighing 5^ tons, at 30 miles an hour. The express 
trains go at from 65 to 75 miles per hour, and the goods engines, 
as now constructed, can drag 500 tons at 20 miles per hour. And, 
in fact, to such an extent has this gone, that a passenger train 
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of 120 ions can go at the speed of 60 miles per hour upon easy 
gradients. The evaporation of the boiler of such an engine is eqoal 
to 1,000 horse-power, or 33,000 pounds per horse; and the effect 
of power, as measured by the dynamometer, is equal to 733 horse- 
power. The weight of the engine is 45 tons, and in working 
order the tender is 18 tons. The diameter of the cylinder is 18 
inches, the length of the stroke 24 inches ; the diameter of 
the driving wheel 8 feet, and the maximum pressure of the steam 
120 pounds. The average consumption of coke with an ordinary 
load, including stoppages, is 20 lbs. and upwards per mile. Some 
of the narrow gauge engines are even more powerful — for instance, 
one built by Crampton's Patent had 2,285 feet of heating surface, being 
270 more than the largest engine on the broad gauge. The engine 
itself weighs 32 tons, and the evaporation whilst at full work 
is equal to 1,140 horse-power, and the pressure of steam 120 on the 
square inch. 

To illustrate the power and speed of these engines is not easy, but 
one or two facts may be mentioned. When a speed of 70 miles 
per hour is to be attained, a space must be passed over of 105 feet 
per second ; that is to say, 35 yards must be traversed between 
each tick of the clock. Two trains passing each other, the relative 
velocity will be doubled, so that, if one of them be 70 yards long, 
the second only will be taken up in the act. Dr. Hutton, who made 
some experiments in regard to the velocity of cannon balls, ascertained 
that the speed of one having a range of 6,700 feet is a quarter of a 
minute, which is at the rate of 300 miles per hour. A railway train, 
therefore, moving at 75 miles per hour, has one-fourth the velocity of 
a cannon ball. 

Having thus far trespassed upon your time, 1 shall now attempt to 
describe the works of Springbum, and give a faint idea of how, from 
the 5,416 multitudinous parts, order is made to arise. The manage- 
ment of the Hyde Park Works is very perfect, insomuch that, com* 
menoing at one side, you can trace the raw material through every 
phase consecutively, up to the finished engine, ready to start and fulfil 
its duty, by a branch line to the North British, leading out of the 
works, and thence to any part of the world. On first entering, I was 
taken to the smithy, which contains something like sixty fires, includ- 
ing wheel fires and spoke furnaces. You also see nine steam ham- 
mers from 3 cwts. to 54 cwts., all hard at work, as also seven 
forge furnaces. Here you have brought into shape all the component 
parts of the locomotive formed of iron — such as piston rods, axlei^ 
connecting rods, and others too numerous to be detailed. In fact, this 
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shop produces from the largest to the smallest forging required in the 
manufacture of the locomotive. The steam hammers, directed by 
boys, do the work of giants, and so perfectly are they under command, 
that the largest mass, weighing many tons, can be shaped almost 
ready for turning, or so controlled that the force would hardly (Hrack an 
egg. But the work that they generally have to perform is forging and 
welding the crank-axles. 

The wheel-making is a process of much ingenuity and interest, all 
the more so from the absolute necessity that the work should be of the 
most perfect description. Each wheel is composed of above 100 small 
pieces forged and welded together, the material having previously 
undergone many heatings and hammerings subsequent to its formation 
from scrap iron. The tyres used in this establishment are not generally 
macie by the proprietors, as in most cases they are made of Bessemer 
steel, and furnished by such large works as Messrs. Camell & Co., 
Brown & Co., of Sheffield, as also Messrs. Eowan h Co., of Glasgow. 
They are furnished in the rough state direct from the rollers; but at 
the Hyde Park Works they are turned, polished, and accurately fitted, 
each to its particular wheel. 

The Boiler Shop, — In this pandemonium, called the boiler shop, it 
was difficult to ask a question, the noise was so deafening ; but here it 
is that the boilers — those ingenious and intricate expositors of steam — 
are framed and put together. The sheet iron destined for the work is 
here cat and shaped into the proper size, drilled round the edges for 
the rivets, and put together by a most ingenious steam contrivance 
which clinches on both sides, making a most beautiful job, and leaving 
no hammer marks. The rivets are heated by boys, and being rapidly 
inserted into the plates, which swing vertically, the man in charge 
can rivet three in the short space of three or four seconds. This is a 
great improvement on the old process, both as to quality of finish and 
regulated strength. In the production of a boiler lies one of the 
great difficulties, for the strength and accuracy of the fittings must be 
perfect. The riveting of all the internal tubes should be able to stand 
the extreme tests to which the boilers are put before being turned 
out. It is the practice in this establishment to do this three or four 
times during its manufacture : first, when it comes from the hands of 
the riveters, afterwards, when placed upon the sole-plate, the full 
hydraulic test is applied. If all seems perfect, steam is then tried 
before the outer coverings are put on. And Mr. Neilson informed me 
that, as a result of this caution, he had never heard that any explosion 
had taken place with regard to any of their engines. 

The Foundry.'^Tlm is a compact and well-regulated place, having 
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a small engine devoted to its use for the purpose of working the cranes, 
&c. Here is carried on the casting of all the small pieces, as also the 
cylinders, the iron used heing a special mixture, which is mixed and 
re-melted till hrought to the proper strength and hardness. I am thus 
particular in giving details which may appear perhaps too simple ; but 
if you consider the fearful risks involved in the manufacture, and 
responsibility of engines working at such a high power, too great credit 
cannot be given to those who are thus careful in the selection of their 
material. Adjoining this shop is the Brcksa Foundry^ the metal being 
carefully compounded and reduced in crucible furnaces for the casting 
of bearings, &c. ; and through the next wall is the Coppersmith Shop, 
where pipes and domes are made and finished. 

The Fitting Shop, — This is the largest in the establishment, having 
accommodation for 400 or 500 men, all busily em ployed in boring, planing, 
shaping, slotting, drilling, &c. Here you see the turning of the crank- 
axles, and the surface turned out from the different planing machines, 
so perfect, from the superiority of the machinery employed, that no 
trouble is almost afterwards required in putting the parts together. 
And as a consequence of this, you have a perfection of fitting which no 
manual labour ever could produce ; and this being so essential in the 
manufacture of the locomotive, it is matter of much consequence to 
realise this apparent perfection. 

The Erecting SfiecL — This is one of the most important shops in the 
establishment, for here the 5,416 parts are adjusted, fitted, and ulti- 
mately brought into discipline, and it may easily be conceived that to 
bring such combination into harmony, the utmost accuracy and com- 
pleteness of finish must be observed. The failure of one screw or 
rivet, or the bending of the smallest rod, might not only cause the ruin 
of the costly fabric, but occasion destruction of life to a terrible extent. 
Stephenson well observed that a locomotive required to be put together 
as carefully as a watch. The process being completed, the engine is 
taken to the Painting Shop, where it is decorated according to the 
taste of the company for whom it is destined. 

The cost of engines built in this establishment, as in every other, 
varies, according to size, from £1,000 to £2,000, and the works them- 
selves are adapted for the production annually of 100 engines. Having 
already, in my preliminary observations, described the speed and power 
of engines, it will not be necessary .to recapitulate : sufficient for my 
purpose to state that the Hyde Park works now compete with the 
largest establishments in the world, both as to finish, power, speed, and 
economy of fuel. When the works are fully employed, the usual corps 
of men is somewhere about 1,400, and if regularity, perfect organiza- 
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tion, can secure success, it must fall to the lot of the enterprising 
proprietor, who was the first in Scotland to involve a large capital in 
this special department. 

I have much pleasure in taking this opportunity of acknowledging 
the extreme courtesy with which I was met hy the proprietors of the 
different works — ^viz., Messrs. Bandolph & Elder, Messrs. Bighy & 
Beardmore, Mr. J. M. Bowan, and Mr. ^yalter Neilson. 

When so much of importance has to he described, I may perhaps b^ 
accused of having gone too elaborately into the description of the 
Works I brought before you ; but I trust at some future period, with 
your permission, to continue this interesting topic, and take up some of 
the other branches of that commercial enterprise, in all the different^ 
materials, which has given Glasgow a world-wide reputation. 

Before parting this evening, I think I would not be doing my duty 
were I not to make mention of a circumstance, which must be a source 
of pride and gratification to each individual member of this Society. 
Since we last met, the greatest scientific work of the age has been com- 
pleted ; and we now can fairly say with Puck, " 1*11 put a girdle round 
the world in forty minutes.*' And when one takes a retrospect of the 
determined and persevering energy with which one of our most valued 
members devoted his time and energies to the elucidation of the 
difficult theories involved in this question, and, by his ingenuity and 
true philosophy, carried out to a successful issue those beautiful 
instruments which, without doubt, have been the main cause of the 
perfecting and bringing to a successful conclusion the great wonder of 
the age, — I need hardly say I allude to our late respected President, 
Professor (now Sir William) Thomson, — we must all feel honoured. 
It must be fresh in the memory of all, the firm determination with 
which he, session after session, placed before us each step of his great 
discoveries, and the patience with which he used to explain to us his 
beautifully simple but still complicated instruments. I might well be 
excused were I to go into a slight history of his connection with the 
Atlantic Telegraph, from its first beginning up to its present successful 
result. But, as I truly hope, I may be able to persuade Sir William, 
on an early evening, to give us his own experiences, I shall not trench 
upon what is so truly his own ground ; but I am certain you will all 
agree with me in saying that he well deserves the honours that have 
been showered upon him ; for a more true and high-minded gentleman 
it would be difficult to find. I trust he may be long spared to be an 
honour to his native city. 
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I LATELY adopted a mode of examining water, by wbich is seen, as I 
believe, the relative amount of organic matter readily decomposed and 
the amount actually decomposed, or the amount of putrid gases result- 
ing from decomposition, and other matters. When this was done, I 
thought it would be interesting to test the Clyde by the new process, 
and for that purpose obtained specimens at various points from the 
Broomielaw to the sea, afterwards continuing till the vessel came near 
LiverpooL 

The column to observe is No. 1 of either series. This gives the 
amount of oxygen consumed instantly, and corresponds, as I believe, 
to the amount of decomposed matter which has left in solution putrid 
gases, whatever these gases may be. I shall suppose them to be sul- 
phuretted hydrogen in minute quantities, or compounds of sulphur or 
organic substances only. In the part of the Clyde near Glasgow all 
these compounds will probably be found ; as we go near the frith the 
sulphur will be fully oxidized, and the organic compounds only will be 
the active agents in taking up the oxygen, as they oxidize more slowly. 

The amount of oxygen is calculated from the amount of perman- 
ganate employed. The method is an extension of the original idea 
given out by the late Forchammer many years ago ; the amount of 
water used was 100 cubic centimetres, or l,544i grains. The per- 
manganate required to give perfectly pure water perceptible colour 
was in every case subtracted from the number obtained. 

The examination of the Clyde is not perfect, but there is much to 
be seen that is interesting. Specimens ought to have been taken 
higher than any town on the river. They begin below Bothwell, or 
one and a half miles above Cambuslang, about six and a half miles 
above the quay at Glasgow. We there find the oxygen required for 
the water to be O'000O4i5 per cent, by weight, or equal to 3*15 grains 
per 100 gallons. When we come to the Broomielaw at Glasgow, we 
find the amount of oxygen demanded has risen to 0*00022 per cent, 
by weight, or 15*40 grains per 100 gallons. 

We then see it steadily diminishing, and when we arrive at Port- 
Glasgow, twenty miles down, it has become equal to that at six and a 
half miles above Glasgow. If we had taken the north side, below 
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DambartoD, instead of the south, on which the vessels sail, the differ- 
ence would have been greater. 

Leaving Greenock, and turning the . point, we have a rapid change, 
and when off the west of Gourock Bay, at the distance kept by the 
Liverpool vessels, the amount of oxygen demanded fell to 1*05. Off 
Wemyss Bay the fall is remarkably low, but it is not always so, as it 
depends on tide and wind. The current seems to run down the centre, 
whilst the ocean water comes up the coast; The wind and floods may 
modify this. 

We have to observe a complete change about Gourock or the Cloch, 
if we keep to the south and east side, but if we keep to the north 
the utmost change is perceptible not far off Helensburgh. 

This wide space of water reduces the amount of oxygen required to 
0*00001 per cent, by weight, or 0*7 grains per 100 gallons. 

We are now led to ask if the purest state of the water is attained 
here. We may go farther towards the open sea, and find that the 
amount required falls to 0*000005 per cent, by weight, or 0*35 grains 
per 100 gallons. This is at Arran, where the sea is more extensive, and 
oxidation even of the peaty matter from the hills is effected. We 
observe this to continue till the entrance of the North Atlantic is 
passed ; and as we come south to a narrower channel, the amount of 
oxidizable matter increases, and keeps up steadily till we arrive at 
Liverpool. No specimen was taken nearer than seventeen miles from 
Liverpool. 

The point 0*00001 per cent, oxygen by weight, or 0*7 grains per 
100 gallons, is an important one to examine. We find that at 
Dunoon, Innellan, and Holy Loch, this amount may be called per- 
manent. We may ask why does it not fall lower, and is it true that 
the sewage of Glasgow affects the frith until we arrive at Lamlash,»and 
obtain the number 0*000005 per cent, oxygen by weight, or 0*35. 
grains per 100 gallons. 

We observe that the amount of purification is remarkably rapid 
whenever the Clyde widens, as at Greenock to Gourock; so that even 
near Helensburgh the number has fallen to 0'0000125 per cent, oxygen 
by weight, or 0*875 grains per 100 gallons. This change from 0000045, 
or 3*15 grains per gallon, has been effected in the space of about two 
or three miles. Is it possible, then, that the slight further change 
required demands all the wide distance between Greenock and Arran ? 
I think not. The reason we do not find the number for oxygen falling 
below 000001 per cent, by weight, or 0*7 grains per 100 gallons at 
Holy Lochy Strone, Dunoon, and Cove, may be seen by examining the 
lochs. We there find that they themselves send in watec ^^n^Vv ^^ 
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oxygen number O'OOOOl per cent, by weight, or 0-7 grains per 100 
gallong. At this point we must remember that the oxygen may not 
all be required for putrid matter, and that the streams contain some 
peaty matter which may also instantly require oxygen. At any rate 
we know this, that for whatever they do require it, it can be for the 
destruction of no very unwholesome matter in the water, as the High- 
laud streams must be considered free from such taints. There is a 
little of the soil of cattle when the weather is wet, but perhaps none 
when the weather is so dry that the water must pass through the earth 
before reaching the bed of the stream. 

We cannot then expect the sea water to demand less oxygen than 
the streams and lochs that affect it here. In other words, we discover 
the influence of the land on the drainage from the hills, even when 
all trace of the influence of Glasgow has gone. This is, I believe, the 
reason that, according to circumstances such as currents and weather, 
we observe the water of the frith sometimes as pure as the deep sea, 
and at other times less so, at Wemyss Bay for example. The table 
does not show this very well. This will happen at other parts of the 
coast when the streams enter purer than the usual sea water there, as 
for example at Dunoon and Innellan, where the water flows from streams 
equal, when not in flood, to the deep sea water. We see the influence 
of the coast also as we go on towards Liverpool, and between the Isle 
of Man and Lancashire. 

I consider that 0*00001 per cent, oxygen by weight, or 0*7 grains 
per 100 gallons, marks the limit of the Glasgow sewage. If the 
sewage were not all expended the amount would be greater, because 
the lochs and their streams do not show a higher number. When- 
ever the water of the frith falls down to that of the streams, we are, 
as I suppose, receiving the air at least as pure as the air above the 
streams on the hills, and may be contented. 

Some people will perhaps demand more than this number. I have 
not made examinations far enough towards the ocean to enable me to 
speak of it ; but it seems to me that the numbers O'OOOOl per cent, 
by weight, or 0*7 grains per 100 gallons, of the streams, and 0*000005, 
or 0*35 grains per 100 gallons, mark two very important points. The 
first characterizes air which is certainly most wholesome and agreeable; 
the second is that ocean air which some persons require, but which to 
others is said to be too strong. Of the meaning of this expression 
^too strong'* I will not attempt to speak, but it is very much 
used by a great public, and it must have a wide foundation. It is 
apparently certain that to some it is important not to have the 
extremely strong or perhaps purest air. 
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The observations here made seem most cmiouslj to coincide with 
general observation. The current of the Clyde keeps to the south, and 
we see that the water changes less rapidly there. At the north the 
direct current is not much observed, and the influence of the loohs or 
fiords 18 seen. The water from them presses agrainst the Clyde current, 
and aids in keeping it to the south-east. This has influenced the build- 
ing of the numerous residences on the Argyle side, lining all the coast. 
The population has not found it needful to make a chemical analysis, 
but has seen where the purest water was with the unaided eye. A 
mode of observsttion apparently quite as good as chemical analysis is the 
examination of the rocks on the coast, the dark and dirty aspects 
of these in impure water being very striking. 

I am not, however, inclined to look on my work here as useless, 
although common observation has done its part so welL I believe it 
to be of great importance to us to be able to apply tests so as to prove 
the truth of popular belief, which is formed by long and tedious pro- 
cesses. With these little chemic-al experiments we may do the work in 
an hour which the instincts and expensive experience of whole genera- 
tions were required to perform. 

I believe that in these results we have a method of examining the 
coasts which will be valuable to us as a sanitary police. It can be 
applied wherever there are sheets of water. 

I will not say that these numbers represent the relative wholesome- 
ness of places on the land and on the sea; but I think it probable that 
they may fairly be used as comparisons of places on the sea only. 
When the land is in question there are many sources of emanations to 
be considered. 

To be complete, the examination ought to be made for several years. 
Last year was not an average one. There was a great deal of rain. 

There are floods in the Clyde which bear down so much water that 
the brown peaty matter is readily seen below Dunoon ; but on these 
occasions there is no fear of putrid matter, as the water carried down 
is so abundant. At the same time there will be a certain degree of purity 
less at the sea entrance, corresponding to the greater degree of purity 
caused by the flood at Glasgow. By this it is not meant that the 
water as low as Cloch or Dunoon is affected by more than an infinitesjp 
mally small amount of the impure matter which is washed past Glasgow 
in floods, whilst at other times the effect has ceased, as beforesaid, at 
least on the north. There is, however, a little muddiness observable 
for many miles, and this will be found even in places where the oxida- 
tion of all the readily transported matter has taken place. Even where 
total oxidation has occurred, a little muddy matter remains. It cowi^ 
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chiefly of earthy bodies which may float until they obtain a suitable 
place for deposit. 

It would be interesting to find the time needful to perform this 
change on the organic matter of Glasgow. We see that the great 
bulk of the purification is performed in the fresh water. At Dumbar- 
ton it must be rare, indeed, that anything can be known to exist in 
the water from its smelL When the Clyde passes into the estuary, 
which may be said to begin at the rock of Dumbarton, the change is 
effected by spreading the water over many square miles, and preparing 
it effectually for those who enter the sea and loch regions below 
Helensburgh. Below this point it is not a river on which we are, but 
an arm of the sea, protected on all sides from oceanic waves. The 
water bears the qualities of coast water in proportion to its excessive 
length of coast. This quality must exbt more or less on all coasts 
which have fresh springs running into them. In cases where the 
rivers are large or numerous and the tides small, the evil of the 
meeting of fresh and salt water is well known. On the Frith of Clyde 
no lai^ bodies of fresh water are found after we leave the mouth of 
the river portion of the Clyde ; and, as observed, these streams are 
remarkably pure, or, if coloured, it is only by peat water. The absence 
of great rivers is therefore an advantage of an important kind to this 
coast. 

I was extremely glad to be able to speak thus favourably of the 
districts which are so agreeable to me ; but I am certainly desirous of 
speaking still more favourably of some which are too much affected by 
Glasgow. They may be constantly deteriorating. This is a very 
serious matter, not merely for owners of property on the frith, but for all 
the inhabitants of Glasgow, who are favoured more than those of any 
other large city in the kingdom by a ready access to this wonderful 
sanatorium. 

In making these remarks, I take for granted that the air above the 
water will be pure in inverse proportion to the amount of volatile 
oxidizable matter. 

We must not, however, forget that if the river is rendered impure, 
the tovm is proportionately purified. And we must also remember 
that the work done in the water is enormous. If the refuse matter 
were allowed to evaporate into the air, and so collect its oxygen, the 
act of purification would go on in the air we breathed ; but now the 
water draws in oxygen, and as soon as it is consumed it draws in more. 
Even the air of the river is, at the distance of a few miles down, purer 
than the air of many towns ; and when the spaces widen, the case is 
stronger stilL 
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I have sometimes inquired if we obtain in fish an equivalent of the 
manure sent out, and if it is not easier to gather the crop in boats, than 
to put the manure laboriously on land. I find, however, that the loss 
by putrefaction, oxidation, and evaporation, is so rapid that there is no 
hope of it being used profitably. In one current examined — a very 
deep one, and much stronger in sewer matter than the Clyde ever is — 
the whole nitrogen had disappeared in three days — ^the greater part in 
much less. 

Whilst the chief object of my paper is to show a new mode of 
examining climate as well as streams, I am glad to be able to isay that 
Glasgow has failed to destroy the purity of the frith beyond the points 
indicated, and that we may still rejoice in oar summer dwellings. It is, 
however, not to be forgotten that the effects are found too far away, and 
that twenty-two miles of mischief is more than abundance. It is to 
be hoped that the cautious policy of the city, in waiting for the best 
method to be adopted for using its refuse, will enable it to carry out 
that future work, whatever it may be, with the greatest success. 

I have referred only to the first column. It indicates the amount of 
permanganate decomposed instantly. This represents the gases of 
decomposition such as most readily pass into the atmosphere. 

It will not be supposed that this is the only offensive matter. 

The second column represents the amount when acid is used to 
assist the oxidation. I suppose this to represent the amount easily 
decomposed. 

The third column represents the amount of oxygen used by the 
organic matter in twenty-four hours. I do not at present see its use. 
I do not think this at all a fair mode of representing the impurity of 
water, unless we are sure that the quality does not change. We see 
this by the numbers above and at Glasgow bridge. The purer water 
has, by this mode of representing it, the appearance of being equal to 
the worst. The only column that gives the continuous increase and 
decrease exactly as the senses find the case to be, is the column No. 1. 

It is not, however, meant that the gases of decomposition are the 
only evils to be apprehended from impure water ; but so far as I know, 
they are those that affect the air principally. The most dangerous 
bodies where the water is to be drunk — not the case on the Clyde- 
may exist in the water itself, and it is possible that they may not be 
affected by the process of column I. 

I am not inclined to draw any important conclusion from the total 
organic matter without inquiring its character. At present I believe 
we are quite safe in attending to the conclusions here given in column 
1, with such precautions as I have elsewhere indicated: when, for 
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eumple, nitrates, nitrites, Bulpbit«H, &a., are present. By-and-by we 
■hall learn the true mode of dealing with the third column. 
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The PsESiDEirr said he was sure thej were all delighted with the 
paper which had just heen read to them, and he would he glad to hear 
remarks hy any of the members. He was certain there were many 
gentlemen present who could g^ve corroborative evidence and additions 
to the information which had already been received. 

Pbofsbbob Thomas Aitdebson said that Dr. Smith had given them 
additional evidence of the condition of the river, the e£Pect upon it by 
the city of Glasgow, and its gradual improvement as it descended 
towards the sea. The information which had been imparted to them, 
he was sure, they had all received with the gpreatest possible interest. 
He confessed that he had used the permanganate to a considerable 
extent, but he had not the highest degree of confidence in the results 
derived from it. He thought the conclusions to which it led must be 
looked upon as those of a very general character. At least, according 
to his observation, when the quantity of impure water was large, the 
results given by that re-agent were far from satisfactory, and he had 
lately banished it altogether. It was a curious fact that the water of 
Loch Katrine, the purity of which they so much prided themselves 
upon, discoloured the permanganate to a greater extent than the water 
which was supplied to London. 

Mb. Aucx. Habyby wished to know what effect would be produced 
on the river by the removal of the weir. At present, very little of the 
sewage of the city passed above the weir, and he would like if Dr. 
Smith could tell him what would be the state of matters if it was removed. 

Mb. West Watsok said, if he remembered rightly, Dr. Smith 
mentioned that the comparative number of grains at the Broomielaw 
was fifteen, and at the mouth of the Kelvin eleven or thirteen. He 
would like to know if these two observations were taken at the same 
condition of the river, as to ebb and flow ; and he would also like to 
know whether the water tested at Port-Glasgow was drawn from the 
surface or from a depth ; and, also, whether any distinction. was made 
between spring tides, neap tides, and medium tides. He thought all 
these were subjects of very great importance. 

Mb. Dated Mobe said he might be allowed to tell some of his 
chemical friends, that the Clyde water with which they fed their 
boilers previous to the introduction of Loch Katrine water always lefb 
a thick deposit ; and if this was allowed to remain for a month or two 
beyond the usual time of its removal, it was very dangerous, causing 
the boiler to burst. The boiler which he referred to was twenty-one 
feet long and six feet in diameter, and now with the Loch Katrine 
water it was only cleaned out every six months, and very little sediment 
was found in it. 
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Fbofessob GxiBDii^B coDcurred in the remarks made as to the great 
value of Dr. Smith's paper. There was no doubt, however, that the 
impurities demonstrated by chemistry were not at all of equal import- 
ance ; to determine which of them are, or are not, injurious to health or 
comfort, other researches are required. The whole subject was full of 
difficulties ; but it seemed highly probable that the day was coming 
when no town would be allowed to throw its impurities into the river. 
They must, of course, recognize the fact that the rivers of the country 
were to a certain degree the means of getting rid of impurities, and 
until the mode was shown of disposing of them better, they could not 
forbid people to throw them into the river. He believed, however, 
that science would yet show how this could be done, and then the 
legislature would forbid all fouling of streams. A great deal had been 
written in the Glasgow papers lately tending to put into the public mind 
the idea, that the purification of the Clyde was thrown into the back- 
ground by other sanitary projects which were not so important. Now, 
the truth was that the distinct appreciable amount of injury which the 
Clyde committed on the population of Glasgow was almost nil. It 
was impossible to prove that the impurity of the Clyde was a cause of 
disease or death. Of course, Dr. G. added, he was not speaking in a 
sense opposed to the purification of the river, nor was he maintaining 
such a paradox as that a foul river was a good thing, or even not inju- 
rious; but so far as the great causes of epidemic diseases were con- 
cerned, they were to be sought elsewhere. The impurity of the river 
was not, he believed, to any demonstrable extent, responsible for 
epidemic mortality. 

Db. Smith, in reply to the various questions which had been put to 
him, said, if it was denied that the products of decomposition were 
unwholesome, they would meet with many difficulties. He did not 
suppose, however, that Professor Guirdner went so far as that; and 
if they said with him that these gases were not the causes of epidemic 
diseases, he thought they would be quite correct, but that the) 
affected the health in some way he supposed they must all agree. 
With reference to what Professor Anderson said, he quite agreed with 
him that the residts generally produced by the permanganato were 
uncertain ; but his method of using it, he thought, was not subject to 
the usual objections. He did not rely on ascertaining the total amount 
of organic matter by permanganates, but he had the fullest confidence 
in comparative results. In answer to Mr. West Watson, he said that 
the specimens were all taken from the surface. The water tested 
between this and Dumbarton was taken at ebb tide, and that drawn 
from the Frith of Clyde was taken at many stages of the tide. The 
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difference in the water taken at high and low tide was not very decided ; 
but that tested at high flood was considerably different from that 
taken at either of the two stages of the tide. Mr. Harvey's question 
was rather too serious for him to reply to at a moment's warning. 

A vote of thanks, on the motion of the President^ was awarded 
Dr. Smith. 



III. — On the Scientific Premonitions qfthe Ancients : I. Gbreek Geology. 
By John Youitg, M.D., F.R.S.E., Professor of Natural History in 
the University of Glasgow. 



Read December 19, 1866. 



It has been said that there is nothing new under the sun; and 
geologists have laboured to prove that, at least in the inorganic world, 
the melancholy conclusion holds good, that the thing which has been 
shall be again. But while these researches are received with approba- 
tion, it by no means follows that he who seeks to prove a similar 
proposition, " that which has been thought, the same shall be thought 
again,*' deserves an equal meed of praise* The progress of any important 
discovery has been well traced as rousing. Erst, opposition of the 
doctrine ; next, denial of its originality ; a last stage might be added — 
assertion of its previous universal acceptance. It is not true — it is not 
new — every one knew it before ; so it slides into the common creed, 
and in a short time its date of discovery is known only to the learned. 
It is needless to recapitulate the many examples, preserved as curiosities 
of literary or scientific history, on which the cynical encouragement to 
original thinkers is founded. At present I would confine my remarks 
to one of the methods by which the second stage in the suppression of 
merit is attempted or achieved. 

When the originality of Darwin's theory of the origin of species is 
contested, on the ground of its similarity to the views put forth by 
Lamarck, the critic proceeds to verify or disprove the assertion with 
care, conscious of the possibility of coincidence between two observers 
so near to each other in point of time, therefore so nearly on an 
equality in respect of the knowledge on which their speculations might 
be based. When, having made the inquiry, it appears that the two 
theories differ most importantly — ^that while Lamarck assigns to 
external conditions for their result the production of new organs, by 
inciting to new actions and habits, whereby the animal accommodate 
itself to an altered mode of life — Darwin sees in such altered corkdL- 
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tioDt drcomstauioes unfavoorable to the ordinaiy individuals of a 
species, but faTourable to some few indiTidoals possessed of paiticalar 
Yaiistions of form or habit, which enable them to get on better mmon^ 
the altered sorroondings — circumstances whose continuance admits of 
the increase of the speciaUj favoured yanetyy while the less favoored 
congeners perish ; — while the one makes the individual personallj active 
in the morphological change, the other sees the chance-produced varia- 
tion perpetuated by its suitableness to the new order of things ; — ^while 
Lamarck finds in the present aspect of fauna and flora the sum of 
progressive transmutation, the lower terms of the series being main- 
tained by a process of creation not easily distinguishable from sp(m- 
taneous generation, Darwin is on his guard against assumptions of 
progression, because the data are manifestly imperfect, and, by the 
terms of his hypothesis, has no need for the introduction of any such 
arbitrary new creations ; — when it is found that the two theories differ 
80 widely, it is competent to doubt either the honesty or the capacity 
of him who finds in the latter a reproduction of the former specula- 
tion. At best, it is plain that he has mistaken formal similarity for 
essential identity, misled, perhaps, by the one common term in both — 
the influence excited by varying external conditions. 

But the short interval of time which separates two authors does not 
of necessity involve that equality of knowledge which increases the 
chance of coincidence or complete anticipation. The ignorance of our 
contemporaries, in certain kinds of knowledge, may place them, rela- 
tively to us, as far back in respect to those kinds of knowledge as the 
revival of letters. The accomplished scholar of to-day may have less 
acquaintance with natural science than Aristotle, while a lively fancy 
may help him to utterances which at first sight resemble the dis- 
coveries of a later day. Restif de la Bretonne, a writer whose works 
are little known in thL country, beUeved in a single progenitor in the 
animal and vegetable kingdoms respectively, whose descendants have 
differed under the influence of soil and climate. This is all ; yet 
this, digpiified as " a system," has been put forward as another anticipa- 
tion of Darwin, by M. F6e, who, nevertheless, himself most justly 
describes the opinion as " hatched in a head purely literary," by one 
" who only wanted a little more reason to become a man of great 
eminence." The putting forward of a claim to scientific priority, on 
behalf of such an assertion and suqh an author, involves the double 
offence of depreciating an original thinker by means of one whose vague 
words only acquire meaning from the discoveries of him whose rival 
he is made.* 

* Choi Mag,, ii, SOa 
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The instances, however, are rare in which, unless passionate prejudice 
has for the time ohscured reason, the insufficient knowledge of a com- 
paratively modem writer is made the instrument of criticism so unfair. 
But it is not unfrequent that writers of weight, under the influence, 
perhaps, of some still lingering shade of mediaeval scholasticism, seek 
in classical literature the forewarnings of modem science — seek, and, 
with the diligent searcher, this means to find, in some Greek or 
Latin author the knowledge hardly won hy modem toil, yet lying 
there, we are asked to believe, lavishly scattered among the dust of 
ancient philosophy. Let me not be understood to seek in my turn to 
undervalue the solid good which we have inherited from the ancients, 
nor to depreciate the wonderful sagacity which marks many of their 
speculations, the clear foresight which, under unfJEivourable conditions 
as to the instruments of research, has enabled them to leave enduring 
monuments in science, whose ornaments we may indeed fashion dif- 
ferently, but the framework remains intact. What is really good 
needs not my commendation. What I woi\ld protest against is the 
attribution to them of knowledge it was impossible for them to have 
attained — knowledge which, when judicially investigated, is too often 
found wanting, and leaves upon the early philosophy unmerited sus- 
picion, which ought rather to attach to its injudicious partisans. 

If science be that '' co-ordination of facts which describes the order 
of co-existence and succession in phenomena,"* it is evident that, pro- 
portionally as we recede into those times when the number of observed 
facts is least, the materials of science diminish, the observed succession 
of phenomena is more imperfect, the co-ordination of the facts, pro 
icmtOj less worthy of acceptance. This holds true for all facts, espe- 
cially for those whose just appreciation depends upon the fullness 
of collateral knowledge — above all, for those whose observation is not 
possible save by the aids which collateral inquiries can alone supply. 

Much knowledge of the anatomy of the lower animals was undoubt- 
edly within the reach of the Greek of the fourth century b.o. ; but 
what is worthy of the name of comparative zoology was not even pos- 
sible till a far later date. For not merely were the materials wanting 
which only a wide range of animab from all regions could supply, but 
even had they been accessible, they cotdd not have been properly 
investigated till optics and chemistry bad reached such a point of 
development as to provide instruments of research beyond the reach of 
the unaided senses. Nay more, could we conceive these aids to have 
been accessible to the ancients, it is impossible that sound anatomy or 
physiology could have been arrived at by their aid, so long as men's 

• G. H. Lewes. 
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chief reliance in speculation was placed, not on the qualities of sub- 
stances themselves, but on the verbal designations of these qualities^ or 
on notions derived secondarily from these names. Thus continuous 
motion was held proved, because continuity is better than successive- 
ness (if the word be allowed). 

There will be hereafter occasion to return to the limits of the know- 
ledge of the ancients ; but at present it is well to consider a criticism 
which appeared in a semi-literary journal, whose staff include more 
than one sound scholar : — 

" November 3, 1865. — The curious in literary pedigrees have been 
tracing the parentage of Lord Palmerston's popular phrase, ' the for^ 
tuitous concourse of atoms,' with praiseworthy diligence. Those who 
were not aware that the words have been long in common use with 
students of old and modem philosophies, beg^n by crediting the late 
premier with their orig^ation. Then somebody said he must have 
learnt them from Dugald Stewart. Then South had the credit given 
him. Now we learn that Locke uses the phrase ; while at the same 
time other writers quote from Cicero, to show that Locke only repeated 
what the old Boman had said before him. In fact, however, the idea 
embodied in the phrase is far older than Cicero, who, like the Boman 
philosophers in general, went to the Greeks for the materials of his 
abstract thought. The theory about these ^' atoms," whose chance 
combinations were supposed to have produced the existing organic 
universe, is to be found discussed in Aristotle's Phyaica* and, what 
is just now most remarkable, in immediate connection with a theory 
identical with that which is propounded by Mr. Darwin in his Origin 
qf Species, These atoms were believed to have been perpetually 
moving about from all eternity, forming a countless variety of organic 
combinations, out of which combinations only those survived to per- 
petuate themselves ' in their kind ' which came off victorious in the 
universal conflict for organic existence. As described by Aristotle, the 
philosophers in question asserted that rain is not designed to make the 
com grow, but that as rain happens to be the means of propagating the 
existence of grain, therefore grain, ' by the force of natural selection,' 
continues to flourish on the earth. If the rain had not happened to be 
ready to nourish the com as soon as the fortuitous concourse of atoms 
made the first com, grain would immediately have become extinct; 
till, in the never-ending shuffling of the cards, the same atomic com- 
bination would once more turn up. The real theory of Mr. Darwin is, 
indeed, summed up by Aristotle in a single sentence: — -'^Ottov /uiy ovv 
airavTa avvl^ti, Sjoinp Kav el iviKa rov iytvtro, ravra filv iawOri 

* 198 b. Bekk., Ed. Maj. 
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OTTO Tov aifTOfiarov (rvtrravTa iviTriSBttog' oaa Si /uiri oSr(i)c> 
awiiXero Koi air6XXvTaif KaOavap 'E/littcSoicX^C Xiyei ra fiovy^vrj 
Koi avSp6Trpwpa. * When all things happened to be produced just 
as it would have been if they had been constructed with a definite 
design (Jycica tov),* those combinations were preserved which happened 
to fall in with the general working of the whole ; and those which did 
not thus fall in perished, and still perish, like the minotaors and 
sphinxes that Empedodes speaks about.' It is impossible to translate 
the sentence except periphrasticallj, but its meaning is abundantly 
clear ; and it shows that the Darwin theory is at least two thousand 
years old. The only difference between the old and the new specula- 
tion is, that while the new school use the word 'law' as indicating 
the relationships of the ultimate atoms, the ancient speculators attri- 
buted everything to a power which they called * necessity.* " 

Aristotle here states the opinion of his predecessors as a text for 
the teleological argument to follow. The antagonism which Empe- 
docles found in all things, and which Chance alone seemed to his mind 
capable of counteracting, is probably specially aimed at by Aristotle, 
though the mention of ^* Intelligence " also, in the previous sentence, 
seems to involve Anaxagoras in the censure, widely though his con- 
clusion differed from those of his successor and contemporary. The 
example cited, that of the growth of com under the influence of rain, 
is this: rain is the '^ necessary" (i^ avayicric) result of the condensa- 
tion of vapour; its fall the necessary result of that condensation; the 
growth of grain coincides with the fall ; the two events are in accidental 
relation — ^growth is not the design (ov tvBKa) of rain. Again, the 
destruction of com by rain is a similar coincidence, equally without 
design. The fitness of the teeth for their functions is a similar 
'' coincidence.** Then follows the passage quoted above. 

To the arguments thus stated on behalf of his predecessors, Aristotle 
replies afber this fashion : — 

** It is impossible that this should be so; for these and all the 
products of nature are always, or for the most part, so produced; but 
none of the accidental or spontaneous products are so. For it does not 
seem by accident, or by coincidence, that rain is frequent in winter, but 
(it woxdd be) if it happened in summer; nor are great heats at the 
dog-dAjs accidental or by coincidence, though they would be so in 
winter. If, therefore, these seem to occur either as coincidences or 
from design (with an intention), and if such things cannot be held 

* The accents are given as in the PaU MaU OcaeUe, It would be interesting 
to know the writer's reasons for the nnnsnal form, and the covert scepticism it 
conveys. 
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to be mere coincidences or accidents, they must be for a purpose. Bat 
all things are so in nature (i. e., for a purpose) — as even those who 
hold the above views would admit. There is, then, a purpose in the 
production and existence of all natural things." 

This reply is a mere quibble. The reasoning is founded on relations 
which are as purely accidental (in the logical sense, not as meaning 
fortuitous) as could be chosen. Had he referred to the positions of sun 
and earth at these seasons, he would have improved the argument; but 
even then the doctrine of chance would not have been much shaken. 
The tenets he opposes have in truth a strong cast of that which 
now-a-days, as materialism or some other much abused, little understood 
spectre, guides all scientific research. Mr. Mill has very clearly put 
the modem creed; and, remarking upon ''the revival of the doctrine 
that efficient or ultimate causes are within the reach of human 
knowledge,'* holds it '' as a remarkable instance of what has been aptly 
called ' the peculiar zest which the spirit of re-action against modem 
tendencies gives to ancient absurdities.' " 

Before quitting this subject, however, it must be mentioned that this 
refutation by Aristotle of the Empedoclean tenets seems to have been 
as inconclusive to himself as it is to modem readers. In his TrecUise 
De PaHibus, c. 2, he speaks of the gall bladder, and denies its influence 
upon the feelings, on the curious ground of its absence in some animals, 
and even in man. He therefore regards it as superfluous or '' excre- 
mentitious," and not for a special purpose; and adds, '' Nature, indeed, 
sometimes uses excrements for useful purposes; but we must not on 
that account seek a special purpose for all things, but, certain things 
being such as they are, many other things of necessity happen in 
consequence." It may be added, that if this passage did not rightly 
present the true practice of Aristotle, whatever were the formuke to 
which he may have been led, he could not have reached that result to 
which, as an anticipation of the law of economy or correlations of 
growth, reference will be afterwards made. 

The interpretation of these words, as a summary of Mr. Darwin's 
theory, results from one or two misapprehensions. In the first place, 
the growth of the com under the influence of rain is said by the writer 
to be ''by the force of natural selection." Darwin's terms are here 
totally misapplied, and, even if correctly used, are not warranted by the 
text. Secondly, the drift of the argument is inexactly stated in the 
paraphrase, "only those combinations Burvi?ed to perpetuate them- 
selves 'in this kind,' which came o£P victorious in the universal 
struggle for organic existence." No such struggle is hinted at in this 
or any other passage ; it was not even dreamt of. The struggle, dimly 
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alluded to bj Aristotle a few lines previoiuly, was one between the 
forces of nature, whicb perplexed Empedoclea. The conflict was for 
individual existence, not for tbat aerial saccessioD whose possibility, 
tinder adverse conditions, it was Darwin's object to illoatrate. The 
specolations were, in fact, like all others of the period, rather directed 
towards exphdning the ori^n than the persistence of all thingis. The 
hold which the doctrine of the Atomists muntained seems doe to this 
Umitation of its nae, since, if followed oat to its logical results, it most 
have broken down, as it did when extended in its application by 
Anaiagoras imperfectly, and more clearly by Aristotle. Thirdly, " the 
general working of the whole " — the phrase used in the above transla- 
tion — vitiates the whole argnment. The chaos of moral and physical 
forces, amid which chance alone seemed capable of producing a fitful 
order, was at variance with the idea of plan which these words 
manifestly suggest. That idea it is which Aristotle seeks to 
sabetitnte for chance. The real meaning is, that those were saved 
which happened to be fit for the conditions to which they were 
subjected. The limitation of these speculations is evident from a 
subsequent chapter, in which Aristotle investigates " necessity," and 
states it to be a pre-assumed (i^ viro0tcf«t>c) property resident in 
matter (ij uAi)). This property, therefore, expresses the " relation 
of the ultimate atoms;" the rclsitions of their ablegates is, with 
Empedocles chance, with Aristotle ri 06 Ecekq {f T(ji \6y(^. It 
fbllows, therefore, that if this hypothesis is to be compared with 
the modem theory, law is represented not by neceerity, but chance, or 
TO ov fvtca. 

Again, comparison of hypotheses Bssnmes some common basis, either 
of facts or method. But no such basis exists. The andent specnlation 
is purely subjective: it is an arbitrary assumption arrived at by no 
observation, and incapable of being tested by its applicafuon to facts. 
It is in reality a protest agunst the ignorance of facte which then 
hampered physical philosophy, an eager attempt to overleap the slow 
acquimtion of knowledge, and "fbel the future 1' the instant." The 
one hypotheris is barren and lifeless : the power it invokes to bring order 
out of chaos is one by which order is impossible, since its operations 
at any time have no relation to the past, no influence on the fbture. 
The other is rich in results, for the law to which it appeals represents 
a continuous order of events, each of which is inseparably connected 
not only with the past and the future, but with alL which takes place 
in the present. It is based on the slowly guned facts whose observa- 
tiim has occupied the 2,000 years since that other blind conjecture 
was jump 

Vol ^ 
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such divination as is attributed to the predecessors of Aristotle, we 
would be driven back to what Lewes calls ^' the dangerous paradox," 
that science can exist without knowledge 

The present is in truth only another instance of that unphilosophical 
as well as unjust criticism which, struck with a verbal similarity, reads 
into vague guesses the precise statements of later thinkers, regardless 
alike of the context and of the contemporary history of the science 
to which these were necessary, but in themadves unprodnctiYe 
contributions. 

But a more serious omission is one which raises justifiable doubts as 
to the competence of the critic to judge of scientific questions. The 
form of the reference to Darwin's views contains no allusion to geology, 
which supplies at once the most extended basis of facts for generaliza- 
tion, and in turn presents the widest field for the verification of the 
generalization, assimiing always that those links in the proof which 
experiment and observation of living beings can complete have been so 
completed. The Cbeek had neither geology nor palseontology. He 
knew of alluvial formations, of upheavals and depressions of land, of 
fishes and shells found inland within the crust of the earth. But 
these were to him isolated facts. An eminent geologist, speaking of 
the writers of antiquity, says, '' Standing altogether apart from fabled 
oosmogonies, there is dimly foreshadowed in their writings the genn 
of much that has of late years raised geology to the high rank it 
occupies among the sciences — I mean the close observation of existing 
phenomena of change, and their application to time past and future. 
Unrestricted by the dictates of a mistaken orthodoxy, they knew no 
limit to time, and thus, almost in the spirit of prophecy, the Stagyrite 
dared to assert that even as rivers and continents had heretofore 
sprung up and disappeared, so those that now are must also pass 
slowly away. The high acumen displayed by Strabo, in the application 
of the theory of upheaval to account for the occurrence of marine 
shells at a distance from the sea, is all the more wonderful when we 
consider that the inference was supported by the most slender portion 
of what now constitutes the mass of geological evidence. Elnowing 
nothing of the absolute geological mechanism of the earth, yet deem- 
ing the laws of nature for ever unchangeable — marking well the 
present, and looking into the future — these men saw in the world an 
endless circle of mutability, which, in the language of Hutton, gave 
* no vestige of a beginning — no trace of an end : ' a marvellous 
inference by those who knew not that the events marking that won- 
drous history are recorded in tables of stone by the finger of Him who 
cannot lie.'' 
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The close obseiration of the Greeks is a frequent phrase — its proofii 
are less frequently put forward. Observation, as the term is used in 
modem science, is a very complex process, of which the mere use of 
the eyes is the lowest stage. The curious mind of the Greek accumu- 
lated numerous facts, which for the most part had to him nearly equal 
▼alue. The unraveling of complex phenomena was, so far as the 
natural sciences are concerned, rarely attempted, Aristotle's great 
work on generation being perhaps the most signal exception. But 
in anatomy, where, of all others, observation should yield the most 
appreciable results, little that is accurate has come down to us. I have 
attempted in another place* to show that in the class Crustacea the 
anatomical structure of the animals has been treated with scanty care, 
and the instances might be multiplied by going through the treatisea 
of other authors than Aristotle. The great minority of the facts cor- 
rectly noted consists of those simple facts which are readily appreciable 
by sight ; yet that even these are not always deemed of importance, 
every one is aware who has attempted to identify the animals or plants 
referred to by ancient writers. So far, therefore, from possessing 
materials necessary for speculations as to the changes which animals 
may have undergone, it is doubtful if even the characters of living 
spedet were well known — at least, none of the early naturalists have 
recorded any descriptions whence the animals referred to may be readily 
recognized 

How far, then, has their close observation been carried in geology P 
The alluvial phenomena of the Nile were the subject of shrewd com- 
ment by Herodotus, who applied what he learned in Egypt to the 
rivers of his own country. The evidence he adduces is excellent: 
the similarity of the off-shore sea bottom to the soil of the land, the 
existence of shells in the mountains, the saline efflorescence of the 
soil, the seaward projection of the delta, the difference of the soil of 
Egypt from that of adjacent lands. On such evidence he assumed the 
former existence of a Thessalian lake, of an estuary at Ilium, and 
the plains of Msander. Thuoydides also dwelb on the power of the 
Achelous to coxfnect the Echinades with the mainland by its alluvium. 
Many passages might be cited in which no indistinct aUusions axe 
made to the decay of land, and the filling up of sea by the sediment 
of rivers. The most distinct notices of the superficial change of the 
earth, and the causes of these changes — earthquakes, rains, and riven 
— are contained in a treatise ascribed to Aristotle, but now believed by 
scholars to be a work of much later date— the treatise on the universe 
of Appuleius. But even including this authority (though for the 
* Ann, andMag. qf NaU HisL, 1865. The Malacostraca of ArisfcA^. 
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praent I would keep it out of considention, as not bearing on the state 
of geological knowledge in the fourth oentory B.O.), what does it all 
amoont to P 

The remarkable passage in the Mdeorologia (i. 14) has a rhetorical 
tone, a touch almost of enthusiasm, not common in the physical writ- 
ings of Aristotle. In a subsequent chapter (ii. 8-5) he traces the 
circle of water from the sea to the mountain tope, and back to the sea. 
In this he describes the alterations of sea and dry land which the same 
region may underga As to the causes of these changes, I cannot 
adopt the view given by Schwarz, preferring the rendering of Barthlem j 
St. Hilaire, the enthusiastic translator of this work. The words of the 
text are, — '^ It is not right to consider the genetic development of the 
universe as the cause of this (alternation of sea and land); for it is 
ridiculous to say that the whole universe moves (literally to moTe the 
whole universe) by means of small and petty changes, and the mast 
and size of the earth is nothing in comparison with the whole heavens. 
But the cause of all these things must be understood to be, that there 
comes up, after fixed periods, a winter like the yearly one, a great 
winter of this great period, and an excess of rain ; and this is not always 
at the same place," but is, like that of Deucalion, local. He instances 
several places which have at one time suffered from such floods. The 
occurrence of these changes is removed at once from the region of obser- 
vation to that of a priori reasoning. " Now, since there is a necessity 
that the whole (universe) should undergo change, though neither genetic 
development nor decay, if the whole remains (or is eternal) it is neces- 
sity, we say, that the same parts should not always be covered by 
water (viz., sea and rivers) or dry land." The changes are slow in com- 
parison with our lives — so slow that in the intervals the histories of 
nations are lost. Now, at first sight all this might be written to-day — 
so well does it represent modem science. But the recognition of these 
gentle changes is vitiated by one fatal omission — viz. the elevation and 
depression of land. The power of the sea and rivers is able to affect 
the surface of the country, but no more. To complete the work, 
periodical cataclysms are assumed as necessary. There is not a trace of 
a speculation as to stratified records of these changing waters ; nay, the 
contrary may be assumed from the denial of the genetic development 
of the earth ; for the slow addition of stratum to stratum would doubt- 
less have presented itself as the stages of such development. Even the 
terminology did not exist whereby strata could be described : these 
were either invented at a much later date, or words were used in a 
special, technical way («. g,, ISaf^og), 

Xenophanoff, of Colophon, is reported by Origen (in the second 
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eeotuiy, nearly 700 years, therefore, after the founder of the Eleatic 
Bohool) as conjecturing the types of tiahea and phokea found in the 
depths of the rock at Syracuse and elsewhere to have been called into 
existence when all things were in a state of mnd, and to have been 
thereafter desiccated.* But this opinion is connected with a cataclysmal 
theory which, like that of moat of the philosopbera of his period, bad 
ita source rather in morals than phyaica. Periodic cosmical destruc- 
tions were, says Origen, aaaumed hy Xonophanes : by these mankind 
were removed from the earth, and the genetic process commenced anew. 
The vehement protests against the luxury of his times which are 
founded in The FragmenU of Xenophanet render these cataclysms 
rather depuratory than geological. This mixture of pbysicB and 
metapbysios is preserved in the derived Soman Philosophy: — " Qoan- 
doque erit terminus humanis rebus quum partes ejus interire debnerint, 
abolerive funditua tot», ut de integro tot» rudes innoxiceque gener- 
entor, neo superait ia deteriora magister." The idea of a periodic 
destruction, as here put forward, is only in form like that of Xenophanea 
and other early Greeks, who assigned it as a cosmical phenomenon; 
whereas Seneca found it inherent in the earth itself. Still the moral 
ground at both ages ia the same — the philosophet's conviction that 
evil cannot laat for ever — in fact, a form of theological teleology .f 

The Ionic School furnishes nothing of sufficient precision, as to 
the operations of nature, to collate with the teneta already men- 
tioned. Their cosmogoniea were too purely metaphyaical, as their 
country preaenta nothing salient in geological structure to draw fordbly 
attention to it. 

Far different was it with Empedocles. Bom in a country where the 
terrible effects of volcanic action were ever present to the minda of 
men, and had given a character to their traditions, which, linking aa 
it did the terrible convulaions they witnessed with talea of the power 
or vengeance of the gods, it was inevitable that his doctrines should 
be influenced by the phenomena around — phenomena which forced tbeu- 
aelvea on the attention far otherwise than did the tame Ionian scenery 
on that of Thales and his successors. Xenophanea and AristoUa 

* Tliesc statements, quoted by Schwtu^ are not introdnoBd into MoIIacibuu' 
edition of The Fragmenit of Xenophantt. Paris, 1 864. 

t This was, moreover, a part of the gains of Oreek from foreign philaec^hy. 
The degeneracy of the race was, unong the Egyptians, an nndispnted belief: 
the removal of the d^enerate by neana of cataclysms, to make way for a 
better race, WH part of their order of nature, subordinate, however, to the 
grander epochs of the Great Year. This sabordinstion was lost sight of in the 
transftr, and the cataclysms appear aa of greater or leas importance in the tenets 
of difi^«it aehocds of philosophy. 
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dreamed of subterranean reservoirs of water. Empedocles, bom in a 
Tolcanic country, and conversant with the Pythagorean doctrinesy 
familiar, too, with the social and poUtical unrest of a r^on whose 
inhabitants seem at all times to have been impelled by strong passions, 
whose enthusiasm even has a tinge of fierceness in it, seems to have 
been more than usually influenced by the external conditions under 
which he lived. The struggles of nature he looked on as the counter- 
part of the human conflicts about him — ^neither seemingly under the 
control of any regulating law — ^both equally short-lived and recurrent. 
Nor were apparent confirmations of this doctrine far to seek : the 
tertiaries of Sicily supplied firagments* in which the cosmogonists 
found proofs of the earUer monstrosities to which chance gave rise 
during the progress of all things from chaos, data whence Ovid prob- 
ably drew 1^ diflerent view, and constructed his inverted sequence of 
the age. 

The geological speculations of Empedocles are so interwoven with 
what has been called his paUeontology, tbat they cannot be spoken 
of separately. I shall, therefore, first speak of the fossils known to 
Anaximander, which are the better entitled to consideration that 

* Though not bearing directly on my ailment, I would draw attention to 
the additional instance here famiahed of the local character of several move- 
ments in geology ; or, in better terms, of the impress which these movements 
have received from the localities in which they originated. The tame Ionic 
scenery left its sages free to ponder over human thoughts and actions, and to 
sink into that verbal analysis of which some part of their philosophy consists, 
undisturbed by objective terrestrial phenomena. To Aristotle, the traveller, 
convulsions of the earth were too slightly known to figure prominently in his 
system; water was a more £uniliar agent, of which subterranean reservoirs 
usurped the place assigned by the Pythagoreans to fire. That sect, whose 
stronghold may be said to have been Southern Italy, had this particular tenet 
confirmed at least, if not actually suggested by the land in which their order 
flourished, as the Chaldean astronomy was nursed on the open plains whence 
the heavens oould so advantageously be surveyed. Empedocles came under 
the same influence ; and both he and the Pythagoreans found in the strata 
beside them the basis of their respective speculations as to the course of pre- 
vious ages. Coming nearer to our own time, Neptunism sprang into a creed in 
a limited district whose very igneous rocks had somewhat of the aspect of 
sedimentary strata. And when, at the beginning of this centniy, geology 
assumed much of the character and most of the tendencies it now shows, these 
were impressed on it by Cuvier, as the inevitable consequence of his explorations 
in the Paris basin. For the geology of to-day is but slowly resuming the 
character of a physical study which it had before Cuvier gave fossils so pro- 
minent a place, and before the London Geological Society, under the inspiration 
derived from him, accumulated its observations in a country as rich as France 
in well-preserved fossils. 
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Cuvier has made them the occasion of a criticism amply illustrative, 
as Sir C. Lyell has pointed out, of the kind of assertion against which 
this paper is a protest. Ljell has pointed out the rashness with which 
the French naturalist, douhtless not having consulted the original 
texts, found a progressive transmutation comparahle to that of 
Lamarck, in the reports of Anaximander's doctrines, given bj Plutarch, 
Eusebius, and Censorinus. The sum of these fragments is, that the 
first animals were generated in slime by the action of the sun, were 
covered with prickly integuments, which being thrown o£P, the animak 
speedily died: that men came into being in fish, since, as they are at 
present constituted, the human young are incapable of self-support, but 
that after a time, when they were capable of caring for themselves, 
they assimied their proper shape. Such is the evidence given in the 
authorities cited by Lyell; but Origen, PhUosophumf p. 11, ed. Miller, 
slightly modifies the statements; for he says that '^ animals came into 
being under the evaporating power of the sun; and that man came 
into being in another animal-— one similar to a fish — in the beginning." 
If this passage is a correct account of the facts, the gap between 
Anaximander's primordial animals and man is very small, or at least it 
is not necessary to believe that any long series intervened; the 
speculation is therefore distinct from that of Empedocles. In com- 
menting on it, Schwarz ingeniously suggests the possibility of the 
philosopher having seen for himself the remains of fishes, perhaps of 
Devonian fishes, taken out of the solid rock. He gives no reference, 
however, to any modem notice of the Devonian rocks of Asia Minor 
having yielded eoccasteus or cephaldspis, to which he seems to allude. 
Moreover, he goes, it seems, too far, if the passage from Origen be 
correct, in assigning fish as the progenitors of the human race. 
Origen says the forms were fish-like ; and the words of Plutarch, De 
PlacU, PhU,f T. 19, quoted by Schwarz himself (about the prickly 
integuments which were shed), indicate a belief in temporary invest- 
ments, not necessarily in forms of such permanence as require trans- 
mutation to give rise to the higher creation. We may, in fact, compare 
his notion with what is known of insect metamorphosis: the chrysalis 
in its case might be compared to a worm, whence the insect issues, an 
animal of a higher type, which, under the figure of a lower, passed that 
period in which it was incapable of procuring its own nourishment in 
the same way as the adult form. Be this as it may, the Milesian held, 
as did all who had been pupils of the Memphian priests, that all things 
returned again to their primitive elements. 

Empedocles, too, was aware of the existence of fossil remains; but 
these seem to have been of a difierent kind from those whick Aj\asi- 
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mander had seen — different, too, from those on which Herodotus 
speculated, under the guidance of Egyptian observers. Those, at least, 
which have most distinctly impressed his mind, figuring prominently 
in his poems, are such as might, according to Schwarz's suggestion, have 
been found in the Sicilian caverns. It is with hesitation that I venture 
to differ from an author like Schwarz, who, to a general knowledge of 
the history of geology, joins an enviable familiarity with ancient 
languages — who, as I am told by one of his countrymen, is more 
familiar with Greek than some of us are with our own tongue. But 
I think his enthusiasm in the cause of Empedodes has carried him 
somewhat too far. He compares the Acragantinian's remarks upon 
these huge fossils to the reconstructions of a Cuvier, a Wagner, or an 
Owen. His work, remarkable for the knowledge of Greek authors 
which it displays, is unfortunately but little known in this country.* 

He has adopted the arrangement of Sturtz ; and this, I think, has 
given rise to the opinions which it is my purpose to controvert. The 
arrangement of MuUachiusf seems to me to offer a more coherent 
whole ; but this is purely a matter of opinion, and requires a skill not 
less than that of Cuvier to re-arrange the scattered mixed fragments 
of the truly great philosopher. 

Empedocles believed in the fortuitous concourse of atoms. HLs 
two principles — attraction and repulsion, discord and love, or whatever 
other names may be chosen — are those on which the chaos or order of 
the world depend. Superior to these two is necessity, the eternal will of 
the gods ; but the part played by this power is as obscure, though less 
distinctly stated, than the " mind" of his contemporary, Anaxagoras. 
He also seems to have recognized another set of divine powers or 
principles, which, however, take small share in his physical speculations. 
In geology he has clear volcanic notions, shares with the Pythagoreans 
a central fire and subterranean streams of fire, and asserts the elevatorj 
power of that fire ; but it is merely telluric, and has not the cosmieal 
value assigned to it by Pythagoras and his school. 

It is, I think, clear that the two principles of attraction and repul- 
sion form a somewhat quaquaversal proposition, X both alike being at 
times the causes of order and chaos. But the general law is also clear, 
that the domination of either power gives rise to a period in which the 
condition peculiar to each prevails. The course of events is summed 
up in pseudo-Plutarch. Empedocles says, 'Hhat the first origms of 

• On the Failure of Geological Attempts in Greece, By Jolins Schwarz, 
London, 1862. 

t Fragm, Phil GrcBc receniri ut Pr. Aug. MuUachias. Paris, 1864. 
X Stnrz, CommaU, de Empedodis vita et Philosqphia, pp. 225 e< seg. 
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plants and animals were by no means perfect, but scattered in dis- 
united parts; the second stage was the union of similar parts; the 
third, of those parts which are developed from each other ; the fourth 
origin is no longer from similar parts, as from earth and water, but 
they (the beings) are generated by each other by those which, on the 
one hand, have digested food, and, on the other, the symmetry of 
woman has impressed the stimulus of the spermatic movement. Schwarz 
finds in the remains of Empedocles the stages of this series; but, 
oddly enough, the differences of text which enable him to find them, 
and have made me fail, are noted by neither editor. The form which 
Mullachius gives his text is certainly confirmed by the order stated 
in Lucretius, whose authority, admitted in other cases, has the advan- 
tage of being nearer by centuries to the period of Empedocles. I am 
inclined to believe that the lines which describe the joint influence of 
Hephabtos and Aphrodite in the production of the components of a body, 
are embryological, since it and the passages concerning the different 
qualities of the male and female are in keeping with the Aristotelian 
phraseology, if not doctrine. As the l^ext now stands, it seems to be 
hypercritical imagination to find a parallelism in it to the pseudo- 
Plutarchian sketch. Johannes Philoponus {cui AriaM, De Gen,^ An. 
L 18) is cited as stating that, at the close of the chaotic period, all 
these disjecta membra, '' endowed with vital principle and with sensa- 
tion or sensitiveness, were in the ea/rth, and from theee, cls from mcmy 
animals f were generaUd each of the amimalsr Here Aristotle's evidence 
is of value, as given in the passage quoted at the beginning of this 
paper. 

Moreover, as these scattered parts preceded in age the /Sovyfvif 
avS/ooirpcii/oa, and as, by the pseudo-Plutarch's own showing, reproduc- 
tive power was wanting to them, the whole case falls to the ground. 

Palteontolog^ there is none. The Greek saw clearly the facts, and 
a remarkable account of them it is ; but the sequence was beyond his 
power. The eternal circle of matter — the periodic revolutions — the 
start afresh of all things — ^this is all we find. The power of volancoes 
is clearly known — the reproductive power of water not so understood 
as it was by the Ionic school. Nay, the classification given by Sturz 
as an epitome of Empedocles — that, namely, by which animals are 
divided into terrestrial and aquatic, according to the dominance of one 
or other primitive element — puts an end to all possibility of coherent 
succession of Ufa Here Empedocles gives us, as in his scheme of the 
world, parts which may indeed form a whole, but, like them, the 
inspiration had not yet come. 

Aristotle was aware of the existence of fossils. Fossil fisk U^ T&eGki> 
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tioDs as living in the ground motionless, and as being dug out of the 
ground. Their existence he connects with their colder habit and less 
urgent need of respiration. He regarded them, therefore, as parts of 
the present order of things, and thus the passage in the Meleorologia 
already quoted, can be merely a speculation in physical geogn^hy. 

As an illustration of the thesis already put forward concerning the 
local character of ^ the ancient cosmogonic theories, the doctrine of 
Anaxagoras may be mentioned. He, too, was a native of Asia Minor: 
his opinions therefore lacked the Sicilian stamp. Earthquakes were 
to him the result of subterranean air. But, like his contemporary, 
Empedodes, he taught the eternity of matter, and put into a dear 
formula that the origin of things was a mixture, their destruction a 
resolution. The hoTnoiomercR of which they consisted — similar particles, 
whose combination went to make up particular bodies — existed as such 
in a chaotic state, — were potentially the elements of future bodies, but 
received the impulse to combination firom without, from an all-pervading 
Novcy or Intelligenoe. The commencement of this era of intelligence 
was that of the present order of things seemingly — an order which has 
not yet run its course. But though there is no formal intimation of 
any periodic changes, such as Empedocles believed in, it seems as if 
there were a reserve in the fragments of this author — a tacit admis- 
sion that the resolution of the homdomerm might again come. The 
fuller possession of his poems might explain this point. But be this 
as it may, it is evident that as a whole the uniformity which Anaxa- 
goras asserted is inferior to that of Empedocles ; for while the latter 
accepted catastrophes as a part of the order of things, Anaxa- 
goras seems unaware of their import. In one passage he speaks of 
stones as growing by a creation of earth, but adds, that they com- 
monly come out of water — ^a far off hint of aqueous deposit ; yet, 
Tague as it is, it is nearer stratification than any words of Empedodes. 

Xanthus, the Lydian, who flourished about 480 B.O., is cited as 
possessing knowledge of fossils ; but clearly as he speaks of them, his 
notion that their inland position is the result of a gradual dessication 
of the sea removes him from the class of anticipators of modem 
geology. 

It is di£5cult to deal with the Pythagoreans. Of the Pythagoras 
whom Maurice thinks it the most probable among guesses to assign 
as the pupil of Anaximander, who returned from Egypt and Persia 
rich in knowledge gained from the philosophers of these countries, 
and established in Magna Grsecia "orders," as Thirlwall calls them, 
which must have exercised great influence on the social state of that 
region, — of the Pythagoras to whom Aristotle and Plato yidded a 
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respect in which his followers did not share, nothing remains whence 
his physical doctrines may be fairly judged. Accounts of his teachings 
there are; but these are, on the one hand, preserved by men who 
had not been in the strictest sense his pupils, or by Neo-platonists, in 
whose writings the old philosophy appears shrouded in a Christian 
veil. Sir C. Lyell has taken the account given by Ovid of Pythagorean 
philosophy as representing the then beliefs of the sect in the Augustan 
age ; and it is fortunate that such an account of the physical creed of 
the school has been preserved at a period prior to that of the wider 
influence of Christianity, whose similarity to the ancient faith, in its 
insistence on the divine relations of human society, might have led at a 
later date to the attribution to the heathen system of part at least of the 
Hebrew cosmogony. The fragment concerning nature attributed to 
Ocellus Lucan opens with the assertion of the eternity of the world, 
and of the absence in it of any sign either of beginning or end — words 
almost identical with those used by Playfair. The commentary of 
Hierocles, on the Aureum Carmenj contains similar, though less distinct, 
phrases; but the great bulk of that work is a strange mixture of 
heathen and Christian theology and morality. The insensible some- 
thing that the changed state of opinion superadded may be readily felt, 
though it scarcely admits of definition, by the perusal of Hierocles' 
lengthy disquisitions, and their comparison with the terser fragments 
of the heathen Archytas the Tarentine. 

The summary in the Principles qf Geology, i., 17, of the passage in 
Ovid (Afetamorph,^ xv. 165,'et ^.), is as follows : — 



(( ( 



Nothing periabes in this world, bnt things merely vaxy and change their 
form (L 165). To be bom means simply that a thing begins to be something 
different from what it was before; and dying is ceasing to be the same thing 
(L 215). Yet^ although nothing retains long the same image, the sun of the 
whole remains constant' (L 254). 

** These general propositions are then confirmed by a series of examples— all 
derived from natural appearances, except the first, which refers to the golden 
age giving place to the age of iron. The illustrations are thus consecutively 
adduced — 

** 1. Solid land has been converted into sea (L 262). 

" 2. Sea has been changed into land, marine shells lie far distant from the 
deep, and the anchor has been found on the summit of hills. 

'* 3. Valleys have been excavated by runding waters, and floods have washed 
down hills into the sea (L 267). 

" 4. Marshes have become dry ground (L 268). 

"5. Dry lands have been changed into stagnant pools (L 269). 

'*6. During earthquakes some springs have been closed up, and new ones 
have broken out; rivers have deserted their channels, and have been reborn 
elsewhere, as the Erasenus in Greece and Mysis in Asia (L 270'^\. 
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** 7. The waters of some rivers, formerly sweet, have become bitter, as those 
of the Anigros in Greece, &c. (L 280). 

"8. Islands have become connected with the ihainland by the growth of 
deltas and new deposits, as Antissa and Pharos, Ac 

" 9 . Peninsulas have been divided from the mainland, and have become islands. 
" 10. Land has been submerged by earthquakes. 

'* 11. Plains have been upheaved into hills by the confined air seeking vent. 
"12. The temperature of some springs varies at different periods. 
** 13. There are streams which have a petrifying power. 

*' 14. Some rocks and iplyK^a, after floating, have become stationary and 
immovable. 
" 16. Volcanic vents shift their position.'' 

The opening sentences of this extract are identical with those of 
Ocellus. Its whole tenor, greatly extended in comparison with the 
Aristotelian exposition of superficial changes, and distinguished from 
the views of Empedocles by the subordination of volcanic or eleyatoiy 
forces in the courses of things which thus go on without catastrophic 
interruptions, shares, nevertheless, the censure justly passed by Lyell 
on all Greek science — *^ that it never compared attentively the results 
of the destroying and reproductive operations of modem times with 
those of remote eras, nor had it ever entertained so much as a con- 
jecture concerning the comparative antiquity of the human race, or 
of living species of animals and plants, with those belonging to former 
conditions of the organic world. The Greek philosophers had studied 
the movements and positions of the heavenly bodies vrith laborious 
industry, and made some progress in investigating the animal, mineral, 
and vegetable kingdoms. But the ancient history of the globe was 
to them a sealed book; and although written in characters of the 
most striking and imposing kind, they were unconscious even of its 
existence." 

From this censure not even Strabo is exempt ; for though he, as 
Lyell points out, asserts the safety-valve view of volcanoes in anticipa- 
tion of modem theory — an anticipation, by the way, purely conjectural 
— and though he lays down the axiom, that explanations of these 
phenomena are to be sought in things which are obvious, and in some 
measure of daily occurrence, as deluges, earthquakes, and volcanic 
emptions, yet no linking of the past, of the remote past, with the 
present, is attempted. 

Enough has been said to prove that, at the time of Empedocles, no 
theories existed in any way comparable with those of modem geology — 
that the knowledge on which alone such theories could be built had 
not been acquired. Much was known, but only such phenomena as 
were obvious; and though the reasoning from these obvious facts has a 
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specious resemblance to geological speculation, yet, on inqoiiy, the 
resemblance fades into vague guesses, as isolated as the facts whence 
they proceeded. If it is asked why these guesses remained so long 
barren and unproductive, the answer must be sought partly in the 
purpose with which they were advanced, in the nature of the systems 
of which they formed a portion — partly in the character of the people 
themselves. 

All the Greek speculations were purely cosmogonic : of an earth 
without man, they seem to have had no conception ; for even in 
Empedocles the indications are faint of any such hypothesis having 
been ingrafted on the Greek mind by its Oriental teachers. In 
consequence, the earth as it is was to them the earth as it had been: 
catastrophes might come, but they were either local or subversive 
wholely of all that existed. A portion of mankind was destroyed, or 
if the whole perished, another race of men appeared. Such changes 
were effected for moral purposes, and altered only the surface. That 
these alterations left their records in the earth's crust was never 
dreamt of. 

Again, the chain on which these beads of speculation were hung 
was not one of physical but of metaphysical reasoning. They were more 
or less, but aU to some extent, and that the greater, the happy 
illustrations seized by active, fertile imaginations, for the purpose of 
bearing out their views of man, and his conditions and relations — not 
studied by themselves and for themselves. This brings us to the third 
source of explanation — the genius of the people among whom these 
theories sprung up. Schwarz sums up their character in pithy words 
of grotesque force: — ''All the five senses appear in them highly 
developed. Perhaps this exalted them in a manner so unfavourable to 
the modem direction of science — they were conducted as positively in 
their philosophy by their auditory organ as by their extremely fine 
nose or fondled gustatory nerve: perhaps this caused, as to the actual 
configuration of things on the surface of our planet, their utter 
indifferentism — that their imagination, frantic as it was, rendered their 
most cursory conceits, their most notable lies, a benumbed group of 
statues, a life-long object of their adoration. Preferably, sculptors, 
painters, musicians, apt to perform at religious grazing as on a seven- 
chorded lyre, — ^lawyers, physicians, foot-soldiers, seamen, cooks, jesters, 
gymnasts, coachmen on trijogal, quadrijugal oars, — subtle, ambitious, 
perfidious, quarrelsome, never so prone to curiosity as to pertness in 
their conclusions, — always more acute than profound, thus fulfilled the 
Greeks their political duty, and such is their fame, transmitted to 
posterity on every stone they cut, on every tablet they inscribed " 
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Part only of this is truOi and that part only as regards physical 
observation. In astronomy, Lewis maintains their deficiency in exact- 
ness ; and Dr. T. Toung expresses a natural wonder that men of such 
great talents and varied ingenuity should never have thought of sub- 
jecting their conclusions in physics to the test of experiment. 

This seems the real cause of the Greek failure in physical inquiries. 
Their impulses in that field of inquiry seem to have been almost 
exclusively derived firom vrithout; and the chilling influences which 
reduced that impulse to nothing — which reduced natural science to a 
marginal commentary on other philosophies — must be sought in their 
political condition. Each state had a government which it believed 
the best, and for which it was ready to fight to the death. In small 
states the segregation of a class of thinkers, apart firom the actual 
politically interested workers, is impossible. By nature and circum- 
stances compelled to politics, the exceptions are few in which the 
philosopher was apart from the theorist in state crafb ; and these few 
exceptions, as notably Anaxagoras, were given up to verbal puzzles. 
Whatever bore as an illustration on the principles of government, or 
primarily on the constitution of man's moral and intellectual being, 
was adopted, elucidated by metaphysics, passed into the system of the 
adopter, and ceased thenceforth to form a part of a distinct field of 
inquiry. 

I propose in a future communication to enter upon the zoological 
anticipations of the ancients, and to prove that there, also, the Greeks 
were as incompetent, firom defect of knowledge, to construct a theory 
of the origin of species, as I beHeve myself to have proved that they 
were firom a geological point of view. 



Since the above was written, I have found in a volume of occasional 
criticisms (privately printed a few years ago), by my colleague, Professor 
John Nichol, a notice of Empedodes. It is unfortunately only a sketch, 
but is, like the other philosophical critiques in the same volume, a clear 
and just sunmiary of a very complicated subject. Empedodes b treated 
of at greater length, but neither so dearly nor so reliably, in a recent 
number of the North British Review. That article is rather a popular 
paraphrase of the salient features of the philosophy, while, strangdy 
enough, the physical portions of Empedodes* speculations are but 
lightly touched Ofi. 



I 
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rV*. — On the Proposed Fostenaion of the Factory Act, and its Probable 
Effects on Juvenile Lahov/r and Education in Glasgow, By 
John D. Campbell, Esq. 



Read January 23, 1867. 



Mb. Campbell began by sketching the leading pFovisions of the Act 
for restricting the hours of labour and promoting the education of 
children and young persons, the former being defined to mean persons 
under thirteen years of age, and the latter persons between the ages of 
thirteen and eighteen. Children must be employed as half-timers, the 
rule being that no child employed before twelve can be employed after 
one, so that the maximimi time for which a child can be employed is 
seven and' a half hours — i, e,, from six to one, with half an hour for 
breakfast. In cases, however, where all women and young persons are 
only employed ten hours, instead of ten and a half, children may be 
employed for full time on alternate days, instead of half-time every day. 
Those children who are employed for half the day go to school on the 
other half for three hours daily, and those who are employed on 
alternate days go to school for five hours on the days when they are 
not employed. The half-time system prevailed much more extensively 
in England than in Scotland, particularly in the manufacturing districts 
of Lancashire. In Johnstone — where there were a good many cotton 
and flax mills — and other places, a considerable number of half-time 
children were employed ; but in Glasgow things were in a different 
position. Here a great many works do not come under the Act, and 
children can find employment there without restriction, so that manu- 
facturers prefer to employ persons above the age of thirteen, rather 
than submit to the inconveniences of the half-time system; while 
parents, as soon as practicable, were found to withdraw their children 
from the factories, and place them at other work to which the Act had 
not extended and where they might earn double wages. A circum- 
stance, also, which tended to make the half-time system more difficult 
to work in Scotland than in England was the difference in the dinner 
hour, which in Scotland was two o'clock, while in England it was 
sometimes twelve and rarely later than one — thus affording a more 
suitable division of the day, one staff of children working up till that 
hour, and being then replaced by another. The works which were 
under the Factory Act ten years ago might be defined as all places 
where spinning and weaving of textile fabrics were carried on, dyewotka 
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and potteries not being included. Printworks were in rather a pecnliar 
position. They were not under the Factory Act, but under the Print- 
works Act, which was very inefficient and unsatisfactory, and would be 
better repealed altogether, as it made most inadequate provision for 
education, while children of eight years might be employed firom 
six in the morning till ten o*clock at night without the Act being 
infringed. 

A Children's Employment Commission had made a minute investiga- 
tion of the position of the various trades, and from ' time to time thej 
had issued reports on the subject — five in all — on some of the early 
ones of which action had been taken. The Factory Act had thus 
ab-eady been considerably extended, so that, besides spinning and weav- 
ing mills, it now applied to employment in bleaching, dyeing, and 
finishing works — in potteries, lucifer-match works, in paper-staining 
works, and several others which were not extensively carried on, such 
as cartridge-making. Its introduction to bleachworks and potteries 
had been attended with most important benefits, and had proved the 
greatest blessing to the former — not particularly with reference to 
children, but to women, whose position had been about the worst of 
that of any trade in the country, not from the fault of the employers, 
but from the system — which scarcely any individual employer could 
afford to break through— of being obliged, within a limited time, to 
execute orders in a hurry, which they must have either performed or 
lost — and probably lost with them also the custom of the merchant 
who gave them. The effect on potteries and other works which had 
been brought under the Act had been to increase the number of half- 
timers. The potteries employed a large number of young children. 
In recent reports of the Children's Employment Commission, it was 
recommended that almost all trades which employed a considerable 
number of women and children should be brought under the Factory Act 
— such as printers, metal trades, bookbinders and stationers, tobacco spin- 
ners, packing-box makers, &c., making, in some instances, provision by 
which night-work should be permitted. If the Act were thus extended, 
great difficulty would be found in works in Glasgow, where juvenile 
labour was extensively employed, by their having to adopt the half-time 
system. If this system wfts to be carried on, it would be necessary 
that special schools, or, at all events, separate instruction, should be 
provided for the children. It had been recommended by Sir John 
Kincaid, that in place of the half-time system there should be an 
educational test required in order to employment ; and that in the case 
of those who could read or write, they might be employed as young 
persons at the age of twelve years, instead of thirteen — while those who 
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could not read and write shovdd not be admitted as such till the age of 
fourteen. Those interested in education should take these qaestions 
into consideration. He thought that no one who observed the general 
feeling of the country and the action of Ministers, could doubt that 
before long some Act would be passed, which, if not carrying out all 
the recommendations of the Children's Kmplo^ment Commission, would 
at least do so to the extent of making a material difference in the 
employment of children in Glasgow. 

A conversation followed Mr. Campbell's address, in the course of which 
Mb. Gsobge AiTDXBeoif, after referring to the Incid explanation of 
the Act which had been given, sud be thought there was a great deal 
to be said both in favour of the Act and the extension of it. As 
r^^ards the protection it afforded to children and females, it had been 
in every way satisfactory. Looked at, however, in an educational 
pomt of view, he could not say so much ; and as r^ards the position 
of employers, immense injustice had been suffered by those under the 
Act as compared with those in other trades, and they bad not had fair 
competition in the labour market, particularly in Glasgow, where the 
variety of employment is bo great. The Children's Employment Com- 
mission' seemed to think that those trades at which large masses of 
children were employed should be brought under the Act. His idea 
was, that there ought to be a general law as regards the protection of 
women and children, whether employed in one kind of factory or 
another, and in place of having one trade with special provisions and 
special inspection, the first step ought to be a general law. In reference 
to education, one of the misfortunes connected with the Factory Act 
was, that the education given under the half-time system was entirely 
illusoiy- The workiag classes never could become educated under it ; 
the Factory Act in that respect would never do in the world ; and they 
must have something more comprehensive if they were ever to educate 
the people. It was a most di^raceful state of matters that millions 
of children were growing up in this countiy without education, and 
stiU more disgraceful, perhaps, to the cteigy than to others, because it 
was by them that nearly every attempt at education made in the 
countiy had been baffled. Bather than concede any of th^r small 
sectarian differences, they would allow the whole country to remain 
uneducated. Public opinion was growing in favour of compulsory 
education. He was strongly convinced that an educational teat would 
do a great deal more towards the education of children than the half- 
time system; hot at the same time he looked upon it only as an 
expedient. It was only a half measure, and he would willingly go the 
whole length of a compulsory measure of education. 
Vol. VI.— Na 3. o 
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Mb. George M'Callum stated that children who did not oome to 
the factories till they were thirteen were sent to other trades, and their 
education entirely neglected. He was strongly of opinion that an 
educational test was perhaps the best thing that could be adopted 
either in the case of works to which the Act at present applied, or 
those trades to which it might be extended. 

The Key. Mb. Cbgsseiey said he agreed that there most be a 
comprehensive and full system of education, and that there was no 
conceivable means of meeting the necessities of the country except by 
something universal and compulsory. As to the blame thrown on the 
clergy in relation to this subject, he was inclined to think that the fault 
lay entirely with the laity. If the laymen of Scotland would take up 
the education question — ^if manufacturers and those interested in 
commercial pursuits would have some regard for the mental progress 
of the community, and be really determined to settle this question by 
obtaining a comprehensive measure of education of fair and noble 
proportions^ then not all the clergy of Scotland would stop the will of 
the united laity of the country. 

Mb. Ci^MPBELL made a few remarks in reply, and expressed the 
opinion that if the half-time system were fairly carried out at the 
schools to which the children went, a tolerable education might be 
acquired. At the same time, it was not the best possible system. 



V. — On the Phrase ^* Potential Energy y^ and on the D^oiiJtions qf 
Physical Quantities. By W. J. Macquobk Bankhhs, C.£., 
LL.D., F.E.SS. Lend, and £din., &c. 



Bead January 23, 1867. 



1. In the course of an essay by Sir John Herschel '' On the Origin of 
Force," which appeared some time ago in the Fortnightly Eeview, and 
has lately been re-published in a volume entitled Familiar Ledttres 
on Scientific Subjects^ the opinion is expressed that the phrase 
'^ Potential Energy" is " unfortunate, inasmuch as it goes to substitute 
a truism for the announcement of a great dynamical fact" {Familar 
Led^ureSy page 469.) 

2. There is here no question as to the reality of the class of relations 
amongst bodies to which that phrase is implied, nor as to any matter 
of fact concerning those relations, but as to the convenient and appro- 
priate use of language. This is a sort of question in the discussion of 
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which authoritj has much weight ; and when an objection to the 
ftppnipriatenetB of a term is made by an aathor who is not less eminent 
aa a phQosopber than as a man of science, and whose skill in the art 
of expressing scientific truth in clear language is almost unparalleled, 
it becomes the duty of those who use that term to examine carefully 
their gronnds for doing so. 

3. As the phrase "Potential Energy," now eo generally used by 
writers on physical subjects, was firat proposed by myself in a pi^r 
"On the General Law of the Transform ation of Energy,"* read to the 
Philosophical Society of Glasgow, on the 6th of January, 1863, I feel 
that the remark of Sir John Herechel makes it incumbent apon me to 
explain the reasons which led me, after much consideration, to adopt 
that phrase for the purpose of denoting all those relations amongst 
bodies, or the parts of bodies, which consist in a power of doing work 
dependent on mutual configurations. 

4. The kind of quantity now in question forms part of the subject 
of the thirty-ninth proposition of Newton's Prirteipi/i; but it is there 
represented by the area of a figure, or by symbols only, and not desig- 
nated by a name ; and such is also the case in many subsequent mathe- 
matical writings. 

6. The application of the word " force" to that kind of qaantity is 
open to the objection, that when "force" is taken in the sense in which 
Newton defines "vis motrii," the power of performing work is not 
umply force, but force multiplied by space. To make such an applica- 
tion of the word " force," therefore, would have been to designate a 
product by the name properly belon^ng to one of its factors, and 
would have added to the confusion which baa already arisen from the 
ambiguous employment of that word. 

6. The word "power," though at first sight it might seem very 
appropriate, was already used in mechanics in at least three different 
senses : viz. — Jirtt, the power of an engine, meaning the rate at which 
it performs work, and being the product of force and space divided by 
time ; tecotidijf, the power, in the sense of effort or pressure, which 
drives a machine; and thirdly, "mechanical powers," meaning certain 
elementary machines. Thus "power" was open to the same sort of 
olrjection with "force." 

7. About the beginning of the present oestury, the word " eatxigj" 
had been substituted by Dr. Thomas Toung for " vis viva " to denote the 
capacity for performing work dn« to velocity; and th« application of 

*yil.,~>th»t the effect of the prtaeDcs of » qouti^ of actual energy, in 
musing trttuformatian of energy between the aotoal and tlM potential forms, is 
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the same word had at a more recent time been extended by Sir William 
Thomson to capacity of any sort for performing work. There can be 
no doubt that the word *' energy'' is specially suited for that purpose; 
for not only does the meaning to be expressed harmonize perfectly 
with the etymology of ^vipyua^ but the word "energy" has never 
been used in precise scientific writings in a different sense ; and thus 
the risk of ambiguity is avoided. 

8. It appeared to me, therefore, that what remained to be done was 
to qualify the noun '' energy" by appropriate adjectives, so as to dis- 
tinguish between energy of activity and energy of configuration. The 
well-known pair of antithetical adjectives, "actual" and "potential," 
seemed exactly suited for that purpose; and I accordingly proposed 
the phrases "actual energy" and "potential energy," in the paper to 
which I have referred. 

9. I was encouraged to persevere in the use of those phrases, by the 
fact of their being immediately approved of and adopted by Sir WiUiam 
Thomson ; a fact to which I am disposed to ascribe in a great measure 
the rapid extension of their use in the course of a period so short in 
the history of science as fourteen years.* I had also the satisfaction 
of receiving a very strong expression of approval from the late Professor 
Baden Powell. 

10. Until some years afterwards I was not aware of the fact, that 
the idea of a phrase equivalent to "potential energy" in its purely 
mechanical sense had been anticipated by Camot, who, in an essay on 
machines in general, employed the term "force vive virtuelle," of 
which "potential energy" might be supposed to be almost a literal 
translation. That coincidence shows how naturally the phrase " poten- 
tial energy," or something equivalent, occurs to one in search of words 
appropriate to denote that power of performing work which is due to 
configuration and not to activity. 

11. Having explained the reasons which led me to propose the use of 
the phrase *' potential energy," I have next to make some observations 
on the objection made by Sir John Herschel to that phrase, that " it 
goes to substitute a truism for a g^reat dynamical fact." 

12. It must be admitted that the use of the term " potential energy" 
tends to make the statement of the law of the conservation of energy 
wear to a certain extent the appearance of a truism. It seems to me, 
however, that such must always be the effect of denoting physical 
relations by words that are specially adapted to express the properties 
of those relations ; or, what amounts virtually to the same thing, of 

• Sir William Thomson and Professor Tait have lately substituted the word 
** kinetic "for •* actual." 
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drawing up precise and complete definitious of physical terms. Let 
A and B denote certain conceivable relations, and let them be precisely 
and completely defined; then from the definitions follova the proposi- 
tion, that A and B are related to each other in a certain way; and 
that proposition wears the appearance of a truism, and is virtually 
comprehended in the definitions. But it is not a bare truiam ; for 
when with the definitions are conjoined the two facts, ascertained by 
experiment and observation, that there are relations amongst real 
bodies corresponding to the definition of A, and that there also are 
relations amongst real bodies corresponding to the definition of B, 
the proposition as to relation between A and B becomes not a Ijare 
truism, but a physical fact. In the present case, for example, " actual 
energy " and " potential energy " are defined in such a way as to make 
the proposition. That what a body or a system of bodies gains in one 
form of energy through matuol actions, it loses in the other form — 
in other words, that the sum of actual and potential energies is " con- 
served" — follow from the definitions, so as to sound like a truism ; but 
when it is proved by experiment and observation that there are relations 
amongst real bodies agreeing with the definitions of "actual energy" 
and "potential energy," that which otherwise would be a truism 
becomes a fact. 

13. A definition cannot be true or false ; for it makes no assertion, but 
says, " let such a word or phrase be used in such a sense ;" but it may 
be Teal oi farUaatic, according as the description contained in it corre- 
sponds or not to real objects and phenomena ; and when, by the ud of 
experiment and observation, a set of definitions have been framed which 
possess reality, precision, and completeness, the investing of a phyaicsl 
fact with the appearance of a truism is often on unavoidable con- 
sequence of the use of the terms so defined. 

14. In the case of physical ^tumtUiee in particular, the definition in- 
volves a rule for measuring the quantity; and the proof of the reality 
of the definition is the fact, that the application of the rule to the same 
quantity under different circumstances gives consistent results, which it 
would not do if the definition were fantastic ; and hence the definitions 
of a set of physical quantities necessarily involve mathematical relations 
amcmgst those quantities, which, when expressed as propositions and 
oompaied with the definitions, wear the appearance of truisms, and are 
at the same time statements of fact. 

16. In illnstratioD of the foregoing principles, it may be pointed out 
that there is a certain set of definitions of the measurement of time, 
foToe, and mass, which reduce the laws of motion to the form of 
truisms, thus — 
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I. Let ^^ Eqv/d times'^ mean the times in which a moving bodj, 
mider the influence of no force, describes eqoal spaces. This definitioD 
is proved to be real by the fact, that times which are equal whevi 
compared by means of the free motion of one body, are equal when 
compared by means of the free motion of any other body. If the 
definition were fantastic, times might be equal as measured by the free 
motion of one body, and unequal as measured by that of another. 

II. Let ^^ force** mean a relation between a pair of bodies such that 
their relative velocity changes, or tends to change, in magnitude or 
direction, or both ; and let " equal forces''* mean those which act when 
equal changes of the relative velocity of a given pair of bodies occur in 
equal times. This definition is proved to be real by the fact, that the 
comparative measurements of forces made in different intervals of time 
are consistent with each other, which would not be the case if the 
definition were flEintastic. 

III. Let the ^'ma««" of a body mean a quantity inversely propor- 
tional to the change of velocity impressed on that body in a given time 
by a given force. This definition is proved to be real by the fact, that 
the ratio of the masses of two given bodies is found experimentally to 
be always the same, when those masses are compared by means of the 
velocities impressed on them by different forces, and in different times ; 
and is abo the same, whether each of the masses is measured as a 
whole, or as the sum of a set of parts. 

Assuming those definitions as merely verbal, without reference to 
their reality, the laws of motion take the form of verbal truisms ; but 
when experiment and observation inform us that permanent relations 
exist amongst real bodies and real events corresponding to the defini- 
tions, those apparent truisms become statements of fact. 

16. One of the chief objects of mathematical physics is to ascertain, 
'by the help of experiment and observation, what physical quantities 
or functions are '* conserved." Such quantities or functions are, for 
example — 

I. The maee of every particle of matter, conserved at all times and 
under all circumstances. 

II. The revaJUa/nl TnomerUum of a body, or system of bodies, con- 
served so long as internal forces act alone. 

III. The remUarU angular momerUum of a body, or system of 
bodies, conserved so long as internal forces act alone. 

ly. The total energy of a body, or system of bodies, conserved so 
long as internal forces act alone. 

y. The thermodi/namic functioUf conserved in a body while it 
neither receives nor gives out heat. 
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In defining such physical quantities as those, it is almost if not quite 
impossihle to avoid making the definition imply the property of con- 
servation ; so that when the fact of conservation is stated, it has the 
form of a truism. 

17. In conclusion, it appears to me that the making of a physical 
law wear the] appearance of a truism, so far from being a ground of 
objection to the definition of a physical term, is rather a proof that 
such definition has been framed in strict accordance with reality. 



VI. — Notice of Tvoo New Instruments, By John Youno, M.D., 
F.RS.E., Professor of Natural History in the University of 
Glasgow. 

Read February 20, 1867. 



The definition of " species " and " variety," ever a fruitful source of 
discussion in Natural History, is scarcely nearer precise settlement 
than it was some years ago. For, as the number of known animals 
increasesy and as the localities where the same genus occurs, are multi- 
plied, intermediate forms are multiplied in the same proportion. But 
since the publication of Mr. Darwin's views, it has become of the 
utmost importance to ascertain, as far as may be, the limits of varia- 
tion which shall still leave an assemblage under one common designa- 
tion. The results of such an inquiry are admirably illustrated by the 
labours of Mr. Davidson in the Fossil Brachiopoda. That gentleman 
has contributed to the Palseontographical Society of London a scries 
of memoirs which are models of research. An accomf^ished draughts- 
man, his correct eye for form has given precision to his comparisons, 
while the patient labour with which he has gathered and studied large 
numbers of each species has had the double advantage of diminishing 
the chaos of palseontological nomenclature and of illustrating the 
mode in which all inquiries in natural history ought to be conducted. 

One striking result of his work is, that satisfactory reason appears 
for distrusting the mere difference of locality as an index of specific 
difference. At first sight the inference that the forms occurring in 
two distinct localities must be different, seems natural enough, so long 
as the exact contemporaneity of the two forms is assumed. But 
when it is remembered that the two deposits — say the carboniferous 
or the permian rocks of England on the one hand, and Germany on 
the otiier — ^may not have been laid down at the same time, but in 
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succession the one to the other, it is apparent that the inhabitants of 
the English may have migrated to the German area, or the reverse. 
But migration implies time ; and it may be said that during that 
time such variation may have taken place that the emigre is in fact a 
new species. But then that decision has no basis so long as we are 
ignorant of the time which has elapsed during the migration, and of 
the time necessary for the development of a new species. I assume, 
it will be observed, that such development takes place according to the 
hypothesis, by modification of some type already eidsting, as it will 
appear from what follows that for the closely adjacent areas with which 
I am about to deal, it is immaterial whether this, or the hypothesis 
of specific creation be adopted. 

But even assuming the exact contemporaneity of the deposits con- 
taining two nearly allied forms, on what data is the assertion grounded 
that these two are distinct? The only satisfactory data would be 
copious and precise information as to the limits of variation of each 
form within its own area, and the demonstration therefrom that no 
such intermediate steps existed as would prove the passage from one 
to the other, both zoologically and geographically. Where the number 
of individuals in each area is large, their comparison may be decisive. 
But where, as is more frequent, the number is small, some standard must 
be found — some scale adjusted, by reference to which the value of the 
diiferences may be determined. How is such a scale to be procured ? 
Only, I think, by the slow, not brilliant, but eminently useful process 
of local observation — by the careful, repeated, and exact, measurement 
of all available specimens of well-defined species found in one district, 
and by the ex)nstruction, from these measurements, of tables of varia- 
tions. To the necessity for such tables I was led while studying the 
fossil fishes of palaeozoic and earlier secondary age. Among the pub- 
lished descriptions of species I found absolute size taken as a leading 
ch^iracter in cases where such a test was as applicable as it would be 
in separating specifically a kitten and a cat, and far less so than in 
distinguishmg species among men of a large town. With large size 
are not imfrequently given, as of equal value, greater robustness of 
bones and thickness of scales — characters which, in fact, were the 
necessary concomitants of larger size. 

Again, it was stated that the distances of the fins from the head, and 
their relative positions to each other, are important distinctions ; but 
a very cursory inspection of a number of trouts, powans or goldfish, 
make this by no means a fixed quantity. The same may be said of the 
depth of the body and the thickness of the tail-root. 

Impressed with the importance of collecting facts from which my 
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belief in the Bpect&c identity of certain English and German palarazoic 
fiafa might be coofinned or disproved, I thought of some instrument 
by which measurements on a large scale might be made with absolute 
precision, or by which at least the chances of error in every case might 
be equalized. ProfesBor Huxley, I found, had designed an instrument 
consisting of a frame such as is used for writing- slates, with pointers 
fixed to its inner mai^ns. But this form was difficult of application 
to any great range of sizes. The instrument which I now exhibit was 
devised with the help of Mr. James Jordan, of the Mining Becord 
Office, who also constructed it with great care. The idea is very 
simple. A fixed metal base sopports at either end a vertical rod, on 
which slides up and down a metal box (e, c), fixed at any height by a 
small screw, and bearing between them a brass rod carefully graduated. 
When the base (which in the instrument exhibited is too slight) is 
placed on the table, the fish to he measured is laid on its side parallel 
to the graduated rod ; on the rod slides bock and forward a brass ring 
(A), from which projects at right angles a graduated ivory scale. To fix 
the fish in perfect parallelism to the rod, it is only necessary to measure 
the distance of the muzzle and of the middle of the tail from the rod, 
and to make both distances the same. By shilling the ivoiy scale back 
and forwards, it is possible at one operation to record the measurement 
taken, and the distance from the head at which it is taken, while the 
sliding rings (a, a) register the points to and from which the measure- 
ment is made. Thus it is easy to construct a diagram of the outline. 
Thus, calling the fignre of a fish approximately an ellipse, the brass rod 




is the transverse axis of the figure, the minor axes and parallels to 
them are at once fixed and measured, and the relative distances of 
particular points read ofi*, without disturbing the instrument. It may 
be said that the depth of body is exaggerated, or at least altered, by 
the animal being laid on its side ; but this does not affect proportional 
measurements, since all are similarly afiected ; moreover, it is impossible 
to get this dimension except in the living fish in its own element, and 
that is not an easy task ; any attempt to do so with a dead fish, by 
suspending or fixing it in any way, is at once onmbrous and liable to 
errors, not the least of which will follow from changiag the poattioni 
of the instnments employed. 



il'4 PhiloiiijAicaf Soeiely of Glatgow. 

I liare made frequent use of the imtniment in the case of fossil fish, 
and fuuuJ it of easy ajiplication. But London is not the best place 
for obtaiuing lai^ numbers of fresh specimens. In Gl.isgow, howBTer, 
it n-ill be possible, and I shall be glad of any assistance I can procure 
towards the eompilatioD of such materials as I have dwelt on the 
necessity for proeurinj. The instrument will be at their disposal, 
either to use, or, if any one chooses, to copy. The cost is trifling — 
'1m., I think, covers it, and I hare no doubt that Mr. Jordan could 
direct the prepamtion of others, having surmounted the initial diffi- 
culties of design. 



To Mr. Jordan I owe the very ingenious instruineiit now eibibited 
for taking accurate measuremeats of ahells. Though merely a modifi- 
cation of the calipper«, which was the rode device I su^ested to him, 
the dexterity with which risks are avoided is remarkable. At ono end 
of a rectangular box is fixed an upright limb, a, whose extremity is bent 
at right angles. A corresponding limb, 6, slides on the box, and is 
steadieil by a pin passing through a double slot. The instrument is 
graduated along either side in 1-^Oth of an inch, and the horisontal 
tij^ of the limbs are so adjusted that that of the fixed one oorreipoiids 
to the commencement of the scale, while that of the moveable Umh 
corresponds to the edgs of the sliding case; so that when an objeot la 
placed between the lips, its true dimeniion is read oH' nri ■■ ■ --nred 
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The red and yellow varieties each display either plain surfaces or 
all the intermediate stages, from a faint trace of a band to five well- 

37 98 
marked zones. The range of size was from 77 ^ qT <)' 1:2-81 — 1:88. 

The yoimg individuals of this species in Mr. Whitaker's and Mr. 
Bone's cabinets were few, both gentlemen having collected with a view 
to illustrating the aspect of the adult shells. But the few which they 
possessed showed that in this, as in the preceding species, age tended 
to elevate the spire ; or, in other words, the later formed whorls were 
more oblique to the axis than the earlier. This law is general, though 
not equally well marked throughout the gasteropod molluscs, and 
reaches its best expression in the SUiquaria of the Guinea region, whose 
youngest whorls are quite distinct from each other and from the closely 
united earlier whorls. With the great difference above noted in rela- 
tive height, differences of texture are also worthy of notice. The thin 
homy shell of Teignmouth is as unlike the thick, heavy lustreless 
shell from the calcareous districts of South Devon, as the common Tel' 
Una to a Cyprina idandica. In fact^ were single specimens only found, 
there would be little hesitation in referring them to distinct species. 

For laying before the Society this very brief summary of the 
many hundred measurements of shells which I made during the last 
spring and summer, I can only plead as an excuse my desire to draw 
the attention of members to a line of observation which may yet come 
to yield important results. Many are anglers, and thus have frequent 
opportunity of observing varieties of form, proportion, and colouring of 
our fresh-water fish, and of the shells which are found at every bum- 
side. A short while in the evening would suffice to note and record 
the zoological points of interest in the contents of each day's basket; 
and at the end of the season the notes would furnish materials for 
useful communications. The length from the snout to the root of the 
caudal fin, the depth at the first ray of the dorsal fin, and the distance 
by which either dorsal or lower fins are in front of each other — these are 
the chief points on which information is needed to justify judgment on 
the specific identity of forms which present differences in these respects. 

In conclusion, let me venture again to ui^e the importance of local 
collections. Our museums are incomplete so long as they do not 
contain specimens of the same species, collected in many localities, and 
thus illustrative not merely of variation, but also of the conditions 
under which these variations occur. The instructive lithological series 
collected by my friend, Mr. Young, and exhibited in the Hunterian 
Museum, offer an example which I would gladly see extended to every 
department of the Natural History of Western Scotland. 
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VII. — On Vortex Atoms, By Fbofessob Sib William Thombok. 



Read March 6, 1867. 



Aftbb noticing Helmholtz's admirable discovery of the law of vortex 
motion in a perfect liquid — that is, in a fluid perfectly destitute of 
viscosity (or fluid friction) — ^tbe author said that this discovery inevit- 
ably suggests the idea that Helmholtz's rings are the only true atoms. 
For, tbe only pretext seeming to justify the monstrous assumption of 
infinitely strong and infinitely rigid pieces of matter, the existence of 
which is asserted as a probable hypothesis by some of the greatest 
modem chemists in their rashly-worded introductory statements, is 
that urged by Lucretius, and adopted by Newton, that it seems neces- 
sary to account for the unalterable distinguishing qualities of different 
kinds of matter. But Helmholtz has proved an absolutely unalterable 
quality in the motion of any portion of a perfect liquid, in which the 
peculiar motion which he calls " wirbel-bewegung " has been once 
created. Thus, any portion of a perfect liquid which has ^* wirbel- 
bewegung " has one recommendation of Lucretius' atoms — infinitely 
perennial specific quality. To generate or to destroy " wirbel-bewegung " 
in a perfect fluid can only be an act of creative power. Lucretius' 
atom does not explain any of the properties of matter without attribut- 
ing them to the atom itself. Thus the " clash of atoms," as it has 
been well called, has been invoked by his modem followers to account 
for the elasticity of gases. £very other property of matter has similarly 
required an assumption of specific forces pertaining to the atom. It is 
as easy (and as improbable — not more so) to assume whatever specific 
forces may be required in any portion of matter which possesses the 
'* wirbel-bewegung," as in a solid indivisible piece of matter ; and hence 
the Lucretius atom has no prima facie advantage over the Helmholtz 
atom. A magnificent display of smoke-rings, which he recently had 
the pleasure of witnessing in Professor Tait's lecture-room, diminished 
by one the number of assumptions required to explain the properties of 
matter, on the hypothesis that all bodies are composed of vortex atoms 
in a perfect homogeneous liquid. Two smoke-rings were frequently 
seen to bound obliquely from one another, shaking violently firom the 
effects of the shock. The result was very similar to that observable 
in two large india-rubber rings striking one another in the air. The 
elasticity of each smoke-ring seemed no further from perfection than 
might be expected in a solid india-mbber ring of the same shape. 
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from what we know of the viscositj of india-mbber. Of course, this 
kinetic elasticity of form is perfect elasticity for vortex rings in a 
perfect liquid. It is at least as good a be^nuing as the '' clash of 
atoms " to account for the elasticity of gases. Probably the beautiful 
investigations of D. Bemouilli, Herapath, Joule, Kronig, Clausius, and 
Maxwell, on the various thenno-dynamic properties of gases, may have 
all the positive assumptions they have been obliged to make as to 
mutual forces between two atoms and kinetic energy acquired by 
individual atoms or molecules, satisfied by vortex rings, vrithout 
requiring any other property in the matter whose motion composes 
them than inertia and incompressible occupation of space. A full 
mathematical investigation of the mutual action between two vortex 
rings of any given magnitudes and velocities, passing one another 
in any two lines, so directed that they never come nearer one another 
than a large multiple of the diameter of either, is a perfectly solvable 
mathematical proUem ; and the novelty of the circumstances contem- 
plated presents difficulties of an exciting character. Its solution will 
become the foundation of the proposed new kinetic theory of gases. 
The possibility of founding a theory of elastic solids and liquids on the 
dynamics of more closely packed vortex atoms may be reasonably 
anticipated. It may be remarked, in connection with this anticipation, 
that the mere title of Kankine's paper on " Molecular Vortices,*' 
communicated to the Royal Society of Edinburgh in 1849 and 1850, 
was a most suggestive step in physical theory. 

Diagrams and wire models were shown to the Society, to illustrate 
knotted or knitted vortex atoms, the endless variety of which is infinitely 
more than sufficient to explain the varieties and allotropies of known 
simple bodies and their mutual affinities. It is to be remarked that 
two ring atoms linked together, or one knotted in any manner with its 
ends meeting, constitute a system which, however it may be altered in 
shape, can never deviate from its own peculiarity of multiple continuity, 
it being impossible for the matter in any line of vortex motion to go 
through the line of any other matter in such motion, or any other part 
of its own line. In fact, a closed line of vortex core is literally 
indivisible by any action resulting from vortex motion. 

The author called attention to a very important property of the 
vortex atom, with reference to the now celebrated spectrum analysis 
practically established by the discoveries and labours of Kirchof and 
Bunsen. The dynamical theory of this subject, which Professor Stokes 
had taught to the author of the present paper before September, 1852, 
and which he has taught in his lectures in the University of Glasgow 
from that time forward, required that the ultimate constitution of 
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simple bodies should have one or more fundamental periods of vibra* 
tion, as has a stringed instrument of one or more strings, or an elastic 
solid, consisting of one or more tuning forks rigidly connected. To 
assume such a property in the Lucretius atom, is at once to give it 
that very flexibility and elasticity, for the explanation of which, as 
exhibited in aggregate bodies, the atomic constitution was originally 
assumed. If, then, the hypothesis of atoms and vacuum imagined by 
Lucretius and his followers to be necessary to accomit for the flexibility 
and compressibility of tangible solids and fluids, were really necessary, it 
would be necessary that the molecule of sodium, for instance, should 
be not an atom, but a group of atoms, with void space between them. 
Such a molecule could not be strong and durable; and thus it loses the 
one recommendation which has given it the degree of acceptance it 
has had among philosophers ; but, as the experiments shown to the 
Society illustrate, the vortex atom has perfectly definite fundamental 
modes of vibration, depending solely on that motion, the existence of 
which constitutes it. The discovery of these fundamental modes forms 
an intensely interesting problem of pure mathematics. Even for a 
simple Helmholtz ring, the analytical difficulties which it presents are 
of a very formidable character, but certainly far from insuperable in 
the present state of mathematical science. The author of the present 
communication had not attempted, hitherto, to work it out except for an 
infinitely long, straight^ cylindrical vortex. For this case he is working 
out solutions corresponding to every possible description of infinit- 
esimal vibration, and intended to include them in a mathematical 
paper which he hoped soon to be able to communicate to the Boyal 
Society. One very simple result which he could now state is the 
following : — Let such a vortex be given, with its section diflering from 
exact circular figure by an infinitesimal harmonic deviation of order, i. 
ThiB/orm will travel as waves round the axis of the cylinder in the 
same direction as the vortex rotation, with an angular velocity equal to 

-~^ of the angular velocity of this rotation. Hence, as the number 

of crests in a whole circumference is equal to t, for a harmonic devia* 
tion of order t, there are t — 1 periods of vibration in the period of 
revolution of the vortex. For the case « = 1 there is no vibration, 
and the solution expresses merely an infinitesimally displaced vortex 
with its circular form unchanged. The case t s 2 corresponds to 
elliptic deformation of the circular section ; and for it the period of 
vibration is simply therefore the period of revolution. These results 
are, of course, applicable to the Helmholtz ring when the diameter of 
the approximately circular section is small in comparison with the 
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diameter of the ring, as it is in the smoke-rings exhibited to the 
Society. The lowest fundamental modes of the two kinds of trans- 
verse vibrations of a ring, such as the vibrations that were seen in the 
experiments, must be much graver than the elliptic vibration of section. 
It is probable that the vibrations which constitute the incandescence 
of sodium vapour are analogous to those which the smoke-rings had 
exhibited ; and it is therefore probable that the period of the vortex 
rotations of the atoms of sodium vapour are much less than j\j of 
the millionth of the millionth of a second, this being approximately 
the period of vibration of the yeUow sodium light. Further, inasmuch 
as this light consists of two sets of vibrations co-existent in slightly 
different periods, equal approximately to the time just stated, and of 
as nearly as can be perceived equal intensities ; the sodium atom must 
have two fundamental modes of vibration, having those for their 
respective periods, and being about equally excitable by such forces as 
the atom experiences in the incandescent vapour. This last condition 
renders it probable that the two fundamental modes concerned are 
approximately similar (and not merely different orders of different 
series chancing to concur very nearly in their periods of vibration). In 
an approximately circular and uniform disc of elastic solid the funda- 
mental modes of transverse vibration, with nodal division into quadrants, 
fulfils both the conditions. In an approximately circular and uniform 
ring of elastic solid these conditions are fulfilled for the flexural vibra- 
tions in its plane, and also in its transverse vibrations perpendicular to 
its own plane. But the circular vortex ring, if created with one part 
somewhat thicker than another, would not remain so, but would expe- 
rience longitudinal vibrations round its own circumference, and could 
not possibly have two fundamental modes of vibration similar in 
character and approximately equal in period. The same assertion 
may, it is probable,* be practically extended to any atom consisting of 
a single vortex ring, however involved, as illustrated by those of the 
models shown to the Society, which consisted of only a single wire, 
knotted in various ways. It seems, therefore, probable that the sodium 
atom may not consist of a single vortex line, but it may very probably 
consist of two approximately equal vortex rings passing through one 
another, like two links of a chain. It is, however, quite certain that a 
vapour consisting of such atoms, with proper volumes and angular 
velocities in the two. rings of each atom, would act precisely as incan- 

* AprU 26, 1867. — The author has recently seen reason for believing that the 
aodinin characteristic might be realized by a certain configuration of a single 
line of vortex core, to be described in the mathematical paper which he intends 
to oommnnicate to the Royal Society of Edxnlmrglu 
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descent sodium vapour acta : that is to say, would fulfil the " spectrum 
test " for Bodium. 

The possible cifuct of cliange of temperature on tlio fundamental 
moiles cannot be pronounced upon without mathematical investigation 
not hitherto executed ; and tbcrefore we cannot say that the dynamical 
explanation now suggested is mathematically demonstrated so far aa to 
include the very approximate identity of the periods of the vibrating 
particles of the incandescent vapour with those of their corresponding 
fundamental modes, at the lower temperature, at wliich the vapour 
exhibits its remarkable aluorbing power for the sodium light. 

A very remarkalile discovery made by Helmholtz in the simple 
vortex ring is, that it always moves, relatively to the distant parts of 
the fluid, in a direction perpendicular to its plane towards the aide 
towards which the rotatory motion carries the inner parts of the ring. 
The determination of the velocity of this motion, even approximately 
for rings of which the sectional radius is small in comparison with the 
radius of the circular axis, has presented mathematical difficulties which 
have not yet been overcome. In the amokd rings which have been 




actually observed, it aeenu to be always something amaller than the 
velocity of the fluid along the straight axis through the centre of 
the ring ; for the observer, standing beside the line of nu]^»ni <& 
Vol. VL— No. 3. P 
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succession the one to the other, it is apparent that the inhabitants of 
the English may have migrated to the German area, or the reverse. 
But migration implies time ; and it may be said that during that 
time such variation may have taken place that the emigre is in fact a 
new species. But then that decision has no basis so long as we are 
ignorant of the time which has elapsed during the migration, and of 
the time necessary for the development of a new species. I assume, 
it will be observed, that such development takes place according to the 
hypothesis, by modification of some type already existing, as it will 
appear from what follows that for the closely adjacent areas with which 
I am about to deal, it is immaterial whether this, or the hypothesis 
of specific creation be adopted. 

But even assuming the exact contemporaneity of the deposits con- 
taining two nearly allied forms, on what data is the assertion grounded 
that these two are distinct? The only satisfactory data would be 
copious and precise information as to the limits of variation of each 
form within its own area, and the demonstration therefrom that no 
such intermediate steps existed as would prove the passage firom one 
to the other, both zoologically and geographically. Where the number 
of individuals in each area is large, their comparison may be decisive. 
But where, as is more frequent, the number is small, some standard must 
be found — some scale adjusted, by reference to which the value of the 
differences may be determined. How is such a scale to be procured ? 
Only, I think, by the slow, not brilliant, but eminently useful process 
of local observation — by the careful, repeated, and exact, measurement 
of all available specimens of well-defined species found in one district, 
and by the construction, from these measurements, of tables of varia- 
tions. To the necessity for such tables I was led while studying the 
fossil fishes of palaeozoic and earlier secondary age. Among the pub- 
lished descriptions of species I found absolute size taken as a leading 
character in cases where such a test was as applicable as it would be 
in separating specifically a kitten and a cat, and far less so than in 
distinguishing species among men of a large town. With large size 
are not unfrequently given, as of equal value, greater robustness of 
bones and thickness of scales — characters which, in fact, were the 
necessary concomitants of larger size. 

Again, it was stated that the distances of the fins from the head, and 
their relative positions to each other, are important distinctions ; but 
a very cursory inspection of a number of trouts, powans or goldfish, 
make this by no means a fixed quantity. The same may be said of the 
depth of the body and the thickness of the tail-root. 

Impressed with the importance of collecting facts from which my 
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belief in tbe specific identitj of certain English and Gennan pakeozoic 
fish might be confinned or disproved, I thought of some instrument 
by which measurements on a large scale might be made with absolute 
precision, or by which at least the chances of error in every case might 
be equalized. Professor Huxley, I found, had designed an instrument 
consisting of a frame such as is used for writing-slates, vnth pointers 
fixed to its inner margins. But this form was difficult of application 
to any great range of sizes. The instrument which I now exhibit was 
devised with the help of Mr. James Jordan, of the Mining Record 
Office, who also constructed it with great care. The idea is very 
simple. A fixed metal base supports at either end a vertical rod, on 
which slides up and down a metal box (c, c), fixed at any height by a 
small screw, and bearing between them a brass rod carefully gp*aduated. 
When the base (which in the instrument exhibited is too slight) is 
placed on the table, the fish to be measured is laid on its side parallel 
to the graduated rod ; on the rod slides back and forward a brass ring 
(6), from which projects at right angles a graduat-ed ivory scale. To fix 
the fish in perfect parallelism to the rod, it is only necessary to measure 
the distance of the muzzle and of the middle of the tail from the rod, 
and to make both distances the same. By shifting the ivory scale back 
and forwards, it is possible at one operation to record the measurement 
taken, and the distance from the head at which it is taken, while the 
sliding rings (a, a) register the points to and from which the measure- 
ment is made. Thus it is easy to construct a diagram of the outline. 
Thus, calling the figure of a fish approximately an ellipse, the brass rod 




is the transverse axis of the figure, the minor axes and parallels to 
them are at once fixed and measured, and the relative distances of 
particular points read off, without disturbing the instrument. It may 
be said that the depth of body is exaggerated, or at least altered, by 
the animal being laid on its side ; but this does not affect proportional 
measurements, since all are similarly affected ; moreover, it is impossible 
to get this dimension except in the living fish in its own element, and 
that is not an easy task ; any attempt to do so with a dead fish, by 
suspending or fixing it in any way, is at once cumbrous and liable to 
errors, not the least of which will follow from changing the positions 
of the instruments employed. 
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I have made frequent use of the instrument in the case of foasil fish, 
and found it of easy application. But London is not the best pUoe 
for obtaining large numbers of fresh specimens. In Glasgow, however, 
it will be possible, and I shall be glad of any assistance I can procure 
towards the compilation of such materials as I have dwelt on the 
necessity for procuring. The instrument will be at their disposal, 
either to use, or, if any one chooses, to copy. The cost is trifling — 
25s., I think, covers it, and I have no doubt that Mr. Jordan could 
direct the preparation of others, having surmounted the initial diffi- 
culties of design. 




a be 

To Mr. Jordan I owe the very ingenious instrument now exhibited 
for taking accurate measurements of shells. Though merely a modifi- 
cation of the calippers, which was the rude device I suggested to him, 
the dexterity with which risks are avoided is remarkable. At one end 
of a rectangular box is fixed an upright limb, a, whose extremity is bent 
at right angles. A corresponding limb, 6, slides on the box, and is 
steadied by a pin passing through a double slot. The instrument is 
graduated along either side in l-50th of an inch, and the horizontal 
tips of the limbs are so adjusted that that of the fixed one corresponds 
to the commencement of the scale, while that of the moveable limb 
corresponds to the edge of the sliding case; so that when an object is 
placed between the lips, its true dimension is read off on the uncovered 
part of the scale. The moveable limb is adjusted by two lateral pins, 
the instrument being held so that the thumb is applied against the end 
to which the fixed limb is attached, while a finger on either side 
controls the free limb. But as many shells are so delicate that very 
•light pressure would crush them, Mr. Jordan has caused the limb to 
play on a short thick elastic cord, so that the pressure on the shell is 
relieved as soon as the fingers are withdrawn. To render the whole 
length of the scale available in measuring large specimens, an extra 
piece, 0, has been provided, by which the extremity of the elastic band 
may be removed the requisite distance outwards. 

In drawing attention to the elegance and ingenuity of this little 
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instroment, I must at the same time point oat that its uses are more 
limited than those of the previous instrument, and that there are 
certain kinds of dimension of which it takes no cognizance. It is a 
delicate and easily applied means of determining the ahsolute dimen* 
sions of shells, hut can give ho account of their proportions ; hence 
it cannot supply the materials for constructing the figure of the shelL 
But so far as it goes, the information it does supply is of yaliie» 
especially where it is employed in comparing the same species, and 
those very prolific ones, from several localities. 

In using the instrument the shell is held vertically, the fixed point 
applied to the centre of the free edge of the lip, and the other point 
adjusted to the middle of the hody whorl, the extreme diameter heing 
arrived at, as with callipers, hy shifting to and fro. The shell is next 
held horizontally, and the fixed tip placed on the umhilicus, the 
opposite point resting on the apex. 

Helix aeperea. — Of this species 167 specimens, in the collection of 
Mr. Bone, of Camden Town, were examined. The localities were 23 
in numher. 



Hammersmith, range of height to hrcadth at lowest whorl, 1 : 1*06 
— 1:1'8; in other words, the shell was either as high as hroad, 
or its hreadth was nearly twice its height. 

Richmond averaged, 1:1-8 

At Kingston on Thames, 

At Hampstead, average 

At Ramagate, 

Isle of Wight, 

Beaumaris, 



»» 



>» 



1:1-7— 1:1-9 

1 : 1-7 

1 : 1-5—1 : 1-9 

1:1-5—1:1-9 

1:2 -1:1-5 



The largest specimens were obtained from Hammersmith, Bow to 
the cast of London, and Sandown (Isle of Wight). Dimensions: 

1^ ^ ^ BreacSltbaae. ^® ■°**^^* ^^~ ^"^"^ Arundel, averag- 

ing -T^- Those from the counties along the Severn were, as a whole, 

inferior in height to those of the other regions. The average of the 

Species for England may he taken as lOQ^-iad ^^ ^ worthy of note, 

that in young specimens the ratio of height to hreadth was more 
nearly one of equality over all — ^never fiedling so low as 1 : 1*7, and 
reaching as high as 1 : 2*05. 

The collection of my colleague, Mr. Whitaker, was arranged so as to 
show the gradual passages into each other of the varieties of Helix 
nemoralis. 
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The red and yellow varieties each display either plain surfaces or 

all the intermediate stages, from a faint trace of a band to five well- 

37 98 
marked zones. The range of size was from 77 ^ oT or 1:2*81 — 1:88. 

The yoimg individuals of this species in Mr. Whitaker's and Mr. 
Bone's cabinets were few, both gentlemen having collected with a view 
to illustrating the aspect of the adult shells. But the few which they 
possessed showed that in this, as in the preceding species, age tended 
to elevate the spire ; or, in other words, the later formed whorls were 
more oblique to the axis than the earlier. This law is general, though 
not equally well marked throughout the gasteropod molluscs, and 
reaches its best expression in the SUiquaria of the Guinea region, whose 
youngest whorls are quite distinct from each other and from the closely 
united earlier whorls. With the great difference above noted in rela- 
tive height, differences of texture are also worthy of notice. The thin 
homy shell of Teignmouth is as unlike the thick, heavy lustreless 
shell from the calcareous districts of South Devon, as the common Tel- 
Una to a Cyprina ielandica. In fact, were single specimens only found, 
there would be little hesitation in referring them to distinct species. 

For laying before the Society this very brief summary of the 
many hundred measurements of shells which I made during the last 
spring and summer, I can only plead as an excuse my desire to draw 
the attention of members to a line of observation which may yet come 
to yield important results. Many are anglers, and thus have frequent 
opportunity of observing varieties of form, proportion, and colouring of 
our fresh-water fish, and of the shells which are found at every bum- 
side. A short while in the evening would suffice to note and record 
the zoological points of interest in the contents of each day's basket; 
and at the end of the season the notes would fumish materials for 
useful communications. The length from the snout to the root of the 
caudal fin, the depth at the first ray of the dorsal fin, and the distance 
by which either dorsal or lower fins are in front of each other — these are 
the chief points on which information is needed to justify judgment on 
the specific identity of forms which present differences in these respects. 

In conclusion, let me venture again to wrge the importance of local 
collections. Our museums are incomplete so long as they do not 
contain specimens of the same species, collected in many localities, and 
thus illustrative not merely of variation, but also of the conditions 
under which these variations occur. The instroctive lithological series 
collected by my friend, Mr. Toung, and exhibited in the Honterian 
Museum, offer an example which I would gladly see extended to every 
department of the Natural History of Western Scotland. 
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VII. — On Vortex Atoms, By Pbofbssob Sib William Thomsok. 



Read March 6, 1867. 



Aftbb noticing Helmholtz's admirable discovery of the law of vortex 
motion in a perfect liquid — that is, in a fluid perfectly destitute of 
viscosity (or fluid friction) — the author said that this discovery inevit- 
ably suggests the idea that Helmholtz's rings are the only true atoms. 
For, the only pretext seeming to justify the monstrous assumption of 
infinitely strong and infinitely rigid pieces of matter, the existence of 
which is asserted as a probable hypothesis by some of the greatest 
modem chemists in their rashly-worded introductory statements, is 
that urged by Lucretius, and adopted by Newton, that it seems neces- 
sary to account for the unalterable distinguishing qualities of different 
kinds of matter. But Helmholtz has proved an absolutely unalterable 
quality in the motion of any portion of a perfect liquid, in which the 
peculiar motion which he calls '^ wirbel-bewegung " has been once 
created. Thus, any portion of a perfect liquid which has " wirbel- 
bewegong " has one recommendation of Lucretius' atoms — infinitely 
perennial specific quality. To generate or to destroy *' wirbel-bewegung " 
in a perfect fluid can only be an act of creative power. Lucretius* 
atom does not explain any of the properties of matter without attribut- 
ing them to the atom itself. Thus the '' clash of atoms," as it has 
been well called, has been invoked by his modem followers to account 
for the elasticity of gases. £very other property of matter has similarly 
required an assumption of specific forces pertaining to the atom. It is 
as easy (and as improbable — not more so) to assume whatever specific 
forces may be required in any portion of matter which possesses the 
" wirbel-bewegung," as in a solid indivisible piece of matter ; and hence 
the Lucretius atom has no prima facie advantage over the Helmholtz 
atom. A magnificent display of smoke-rings, which he recently had 
the pleasure of witnessing in Professor Tait's lecture-room, diminished 
by one the number of assumptions required to explain the properties of 
matter, on the hypothesis that all bodies are composed of vortex atoms 
in a perfect homogeneous liquid. Two smoke-rings were frequently 
seen to bound obliquely from one another, shaking violently from the 
effects of the shock. The result was very similar to that observable 
in two large india-rubber rings striking one another in the air. The 
elasticity of each smoke-ring seemed no further from perfection than 
might be expected in a solid india-rubber ring of the same shape. 
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from what we know of the viscosity of india-mbher. Of course, this 
kinetic elasticity of form is perfect elasticity for vortex rings in a 
perfect liquid. It is at least as good a begimiing as the " clash of 
atoms " to account for the elasticity of gases. Probably the beautiful 
investigations of D. Bemouilli, Herapath, Joule, Kronig, Clausius, and 
Maxwell, on the various thermo-dynamic properties of gases, may have 
all the positive assumptions they have been obliged to make as to 
mutual forces between two atoms and kinetic energy acquired by 
individual atoms or molecules, satisfied by vortex rings, vrithout 
requiring any other property in the matter whose motion composes 
them than inertia and incompressible occupation of space. A full 
mathematical investigation of the mutual action between two vortex 
rings of any given magnitudes and velocities, passing one another 
in any two lines, so directed that they never come nearer one another 
than a large multiple of the diameter of either, is a perfectly solvable 
mathematical problem ; and the novelty of the circumstances contem- 
plated presents difficulties of an exciting character. Its solution will 
become the foundation of the proposed new kinetic theory of gases. 
The possibility of founding a theory of elastic solids and liquids on the 
dynamics of more closely packed vortex atoms may be reasonably 
anticipated. It may be remarked, in connection with this anticipation, 
that the mere title of Kankine's paper on *' Molecular Vortices," 
communicated to the Royal Society of Edinburgh in 1849 and 1850, 
was a most suggestive step in physical theory. 

Diagrams and wire models were shown to the Society, to illustrate 
knotted or knitted vortex atoms, the endless variety of which is infinitely 
more than sufficient to explain the varieties and allotropies of known 
simple bodies and their mutual affinities. It is to be remarked that 
two ring atoms linked together, or one knotted in any manner with its 
ends meeting, constitute a system which, however it may be altered in 
shape, can never deviate from its own peculiarity of multiple continuity, 
it being impossible for the matter in any line of vortex motion to go 
through the line of any other matter in such motion, or any other part 
of its own line. In fact, a closed line of vortex core is literally 
indivisible by any action resulting from vortex motion. 

The author called attention to a very important property of the 
vortex atom, with reference to the now celebrated spectrum analysis 
practically established by the discoveries and labours of Kirchof and 
Bunsen. The dynamical theory of this subject, which Professor Stokes 
had taught to the author of the present paper before September, 1852, 
and which he has taught in his lectures in the University of Glasgow 
from that time forward, required that the ultimate constitution of 
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simple bodies should have one or more fundamental periods of Tibra- 
tion, as has a stringed instrument of one or more strings, or an ekstie 
solid, consisting of one or more tuning forks rigidly connected. To 
assume such a property in the Lucretius atom, is at once to give it 
that very flexibility and elasticity, for the explanation of which, as 
exhibited in aggregate bodies, the atomic constitution was originally 
assumed. If, then, the hypothesis of atoms and vacuum imagined by 
Lucretius and his followers to be necessary to account for the flexibility 
and compressibility of tangible solids and fluids, were really necessary, it 
would be necessary that the molecule of sodium, for instance, should 
be not an atom, but a group of atoms, with void space between them. 
Such a molecule could not be strong and durable; and thus it loses the 
one recommendation which has given it the degree of acceptance it 
has had among philosophers ; but, as the experiments shown to the 
Society illustrate, the vortex atom has perfectly definite fundamental 
modes of vibration, depending solely on that motion, the existence of 
which constitutes it. The discovery of these fundamental modes forms 
an intensely interesting problem of pure mathematics. Even for a 
simple Helmholtz ring, the analytical difficulties which it presents are 
of a very formidable character, but certainly far from insuperable in 
the present state of mathematical science. The author of the present 
communication had not attempted, hitherto, to work it out except for an 
infinitely long, straight^ cylindrical vortex. For this case he is working 
out solutions corresponding to every possible description of infinit- 
esimal vibration, and intended to include them in a mathematical 
paper which he hoped soon to be able to communicate to the Royal 
Society. One very simple result which he could now state is the 
following : — Let such a vortex be given, with its section diflering from 
exact circular figure by an infinitesimal harmonic deviation of order, i. 
ThiB/orm will travel as waves round the axis of the cylinder in the 
same direction as the vortex rotation, with an angular velocity equal to 

t—1 

— 7- of the angular velocity of this rotation. Hence, as the number 

of crests in a whole circumference is equal to i, for a harmonic devia- 
tion of order t, there are t — 1 periods of vibration in the period of 
revolution of the vortex. For the case « = 1 there is no vibration, 
and the solution expresses merely an infinitesimally displaced vortex 
with its circular form unchanged. The case i = 2 corresponds to 
elliptic deformation of the circular section ; and for it the period of 
vibration is simply therefore the period of revolution. These results 
are, of course, applicable to the Helmholtz ring when the diameter of 
the approximately circular section is small in comparison with the 
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diameter of the ring, as it is in the smoke-rings exhibited to the 
Society. The lowest fundamental modes of the two kinds of trans- 
verse vibrations of a ring, such as the vibrations that were seen in the 
experiments, must be much graver than the elliptic vibration of section. 
It is probable that the vibrations which constitute the incandescence 
of sodium vapour are analogous to those which the smoke-rings had 
exhibited ; and it is therefore probable that the period of the vortex 
rotations of the atoms of sodium vapour are much less than j\j of 
the millionth of the millionth of a second, this being approximately 
the period of vibration of the yellow sodium light. Further, inasmuch 
as this light consists of two sets of vibrations co-existent in slightly 
different periods, equsU approximately to the time just stated, and of 
as nearly as can be perceived equal intensities; the sodium atom must 
have two fundamental modes of vibration, having those for their 
respective periods, and being about equally excitable by such forces as 
the atom experiences in the incandescent vapour. This last condition 
renders it probable that the two fundamental modes concerned are 
approximately similar (and not merely different orders of different 
series chancing to concur very nearly in their periods of vibration). In 
an approximately circular and uniform disc of elastic solid the funda- 
mental modes of transverse vibration, with nodal division into quadrants, 
fulfils both the conditions. In an approximately circular and uniform 
ring of elastic solid these conditions are fulfilled for the flexural vibra- 
tions in its plane, and also in its transverse vibrations perpendicular to 
its own plane. But the circular vortex ring, if created with one part 
somewhat thicker than another, would not remain so, but would expe- 
rience longitudinal vibrations round its own circumference, and could 
not possibly have two fundamental modes of vibration similar in 
character and approximately equal in period. The same assertion 
may, it is probable,* be practically extended to any atom consisting of 
a single vortex ring, however involved, as illustrated by those of the 
models shown to the Society, which consisted of only a single wire, 
knotted in various ways. It seems, therefore, probable that the sodium 
atom may not consist of a single vortex line, but it may very probably 
oonsist of two approximately equal vortex rings passing through one 
another, like two links of a chain. It is, however, quite certidn that a 
vapour consisting of such atoms, with proper volumes and angular 
velocities in the two rings of each atom, would act precisely as incan- 

* April 26, 1867. — ^The author has recently seen reason for believing that the 
•odium characteriatic might be realised by a certain configuration of a single 
line of vortex core, to be described in the mathematical paper whidii he intends 
to oommunioate to the Boyal Society of Edinburgh. 
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descent sodium vapour acta : that is to say, would Tulfil the " spectram 
test" for sodium. 

The possible e(Tect of change of temperature on the fundnmental 
modes cannot be pronounced u^ton without mathematical investigation 
not hitherto executed; and therefore ne cannot aay that the dynamical 
explanation now suggested is mathematically demonstrated so far as to 
include the very approiimate identity of the periods of the vibrating 
particles of the incandescent vapour with those of their correspondiug 
fundamental modes, at the lower temperatarc, at which the vapour 
exhibits its remarkable absorbing power for the sodium light. 

A very remarkable discovery made by Helmholtz in the simple 
vertex ring is, that it always moves, relatively to the distant parts of 
the fluid, in a direction perpendicular to its plane towards the side 
towards which the rotatory motion carries the inner parts of the ring. 
The determination of the velocity of this motion, even approximately 
for rings of which the sectional radius is small in comparison with the 
radius of the circular axis, baa presented mathematical difficulties which 
have not yet been overcome. In the smoke rings which have been 




actually observed, it seema to be always something smaller than (he 
velocity of the fluid along the straight axis through the centre of 
the ring ; for the observra, standing beside the line of loo^tn^ ^^ 
Vol. VL— Na 3. p 
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the ring, sees, as its plane passes through the position of his eye, a 
convex outline of an atmosphere of smoke in front of the ring. This 
convex * outline indicates the hounding surface between the quantity of 
smoke which U carried forward with the ring in its motion and the 
surrounding air which yields to let it pass. It is not so easy to dis- 
tinguish the corresponding convex outline behind the ring, because a 
confused trail of smoke is generally left in the rear. In a perfect Ruid 
the bounding surface of the portion carried forward would necessarily 
be quite symmetrical on the anterior and posterior sides of the middle 
plane of the ring. The motion of the surrounding fluid must be pre- 
cisely the same as it would be if the space within this surface were 
occupied by a smooth solid ; but in reality the air within it is in a state 
of rapid motion, circulating round the circular axis of the ring with 
increasing velocity on the circuits nearer and nearer to the ring itself. 
The circumstances of the actual motion may be imagined thus: — Let a 
solid column of india-rubber, of circular section, with a diameter small 
in proportion to its length, be bent into a circle, and its two ends 
properly spliced together, so that it may keep the circular shape when 
Icfb to itself; let the aperture of the ring be closed by an infinitely thin 
film ; let an impulsive pressure be applied all over this film, of intensity 
so distributed as to produce the definite motion of the fluid specified 
as follows, and instantly thereafter let the film be all liquefied. This 
motion is, in accordance with one of Helmholtz's laws, to be along 
those carves which would be the lines of force, if, in place of the 
india-rubber circle, were substituted a ring electro-magnet,t &nd the 
velocities at different points are to be in proportion to the intensities of 
the magnetic forces in the corresponding points of the magnetic field. 
The motion, as has been long known, will fulfil this definition, and 
will continue fulfilling it, if the initiating velocities at every point of 
the film perpendicular to its own plane be in proportion to the inten- 

* The diagram n^presents predscly the convex outline referred to, and the lines 
of motion of the interior fluid carried along by the vortex, for the case of a 
double vortex consisting of two infinitely long parallel straight vortices of 
equal rotations in op|)osito directions. The curves have been drawn by Mr. D. 
M *Karlano, from calculatious which he has performed by means of the equation 
of the systom of curves, which is — 



„, - - • ;^— j - (1 + ^, j, where log. N 



X + b 



The proof will be given in the mathematical paper which the author intends to 
oommunicato in a short time to the Royal Society of Edinburgh. 

t Tliat is to say, a circular conductor with a current of electricity maintained 
circulating through it 
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sities of the magnetic force in the corresponding points of the magnetic 
field. Let, now, the ring be moved perpendicular to its own plane in 
the direction with the motion of the fluid, through the middle of the 
ring, with 9 velocity very small in comparison with that of the fluid at 
the centre of the ring. A large approximately globular portion of the 
fluid win be carried forward with the ring. Let the velocity of 
the ring bo increased; the volume of fluid carried forward will be 
diminished in every diameter, but most in the axial or fore-and-afb 
diameter, and its shape will thus become sensibly oblate. By increas- 
ing the velocity of the ring forward more and more this oblateness will 
increase, until, instead of being wholly convex, it will be concave, 
before and behind, round the two ends of the axis. If the forward 
velocity of the ring be increased until it is just equal to the velocity 
of the fluid, through the centre of the ring, the axial section of the 
outline of the portion of fluid carried forward will become a lemniscate. 
If the ring be carried still faster forward, the portion of it carried with 
the india-rubber ring will be itself annular; and, relatively to the ring, 
the motion of the fluid will bo backwards through the centre. In all 
cases the figure of the portion of fluid carried forward, and the lines of 
motion, will be symmetrical, both relatively to the axis and relatively to 
the two sides of the equatorial plane. Any one of the states of motion 
thus described might of course be produced either in the order de- 
scribed, or by first giving a velocity to the ring, and then setting the 
fluid in motion by aid of an instantaneous film, or by applying the two 
initiative actions simultaneously. The whole amount of the impulse 
required, or, as we may call it, the effective momentum of the motion, 
or simply the momentum of the motion, is the sum of the integral 
values of the impulses on the ring and on the film required to produce 
one or other of the two components of the whole motion. Now, it is 
obvious that, as the diameter of the ring is very small in comparison 
with the diameter of the circular axis, the impulse on the ring must 
be very small in comparison with the impulse on the film, imless the 
velocity given to the ring is much greater than that .given to the 
central parts of the film. Hence, unless the velocity given to the 
ring is so very great as to reduce the volume of the fluid carried 
forward with it to something not incomparably greater than the volume 
of the soUd ring itself, the momenta of the several configurations of 
motions we have been considering will exceed by but insensible 
quantities the momentum when the ring is fixed. The value of this 
momentiun is easily found by a proper application of Green's formulae. 
Thus the actual momentum of the portion of fluid carried forward 
(being the same as that of a solid of the same density moving with 
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the same velocity), together with an equivalent for the inertia of the 
fluid yielding to let it pass, is approximately the same in all these 
cases, and is equal to a Green's integral, expressing the whole initial 
impulse on the film. The equahty of the eflective momentum for 
different velocities of the ring is easily verified without analysis for 
velocities not so great as to cause sensible deviations from spherical 
figure in the portion of fluid carried forwai'd. Thus, in every case, the 
length of the axis of the portion of the fluid carried forward is 
determined by finding the point in the axis of the ring at which the 
velocity is equal to the velocity of the ring. At great distances from 
the plane of the ring this velocity varies, as does the magnetic force 
of an infinitesimal magnet on a point in its axis, inversely as the cube 
of the distance from the centre. Hence the cube of the radius of the 
approximately globular portion carried forward is in simple proportion 
to the velocity of the ring, and therefore its momentum is constant for 
different velocities of the ring. To this must be added, as was proved 
by Poisson, a quantity equal to half its own amount, as an equivalent 
for the inertia of the external fluid ; and the sum is the whole effective 
momentum of the motion. Hence we see not only that the whole 
effective momentum is independent of the velocity of the ring, but 
that its amount is the same as the magnetic moment in the correspond- 
ing ring electro-magnet. The same result is, of course, obtained by 
the Green's integral referred to above. 

The synthetical method just explained is not confined to the case of 
a single circular ring specially referred to, but is equally applicable to a 
number of rings of any form, detached from one another, or linked 
through one another, in any way, or to a single line knotted to any 
degree and quality of " multiple continuity," and joined continuously, 
80 as to have no end. In every possible such case the motion of the 
fluid at every point, whether of the vortex core or of the fluid filling 
all space round it, is perfectly determined by Helmholtz's formulse, 
when the shape of the core is given. And the synthetic investigation 
now explained proves that the effective momentum of the whole fluid 
motion agrees, in magnitude and direction, with the magnetic moment 
of the corresponding electro-magnet. Hence, still considering, for 
simplicity, only an infinitely thin line of core, let this line be projected 
on each of three planes at right angles to one another. The areas 
of the plane circuits thus obtained (to be reckoned, according to De 
Morgan's rule w^hen automic, as they will generally be) are the com- 
ponents of momentum perpendicular to these three planes. The 
verification of this result will be a good exercise on '^ multiple con- 
tinuity/' The author is not yet sufiiciently acquainted with Riemann's 
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romarkablc researches on this branch of analytical geometry, to know 
whether or not all the kinds of " multiple continuity " now suggested 
are included in his classification and nomenclature. 

That part of the synthetical investigation in which a thin solid wire 
ring is supposed to be moving in any direction through a fluid with 
the free vortex motion previously excited in it, requires the diameter 
of the wire at every point to be infinitely small in comparison with the 
radius of curvature of its axis, and with the distance of the nearest of 
any other part of the circuit from that point of the wire. But when 
the effective moment of the whole fluid motion has been found for a 
vortex with infinitely thin core, we may suppose any number of such 
vortices, however near one another, to be excited simultaneously: and 
the whole effective momentum, in magnitude and direction will be the 
resultant of the momenta of the different component vortices each 
estimated separately. Hence we have the remarkable proposition that 
the effective momentum of any possible motion in an infinite incom- 
pressible fluid agrees in direction and magnitude with the magnetic 
moment of the corresponding electro-magnet in Helmholtz's theory. 
The author hopes to give the mathematical formulae expressing and 
proving this statement in the more detailed paper, which ho hopes 
soon to be able to lay before the Eoyal Society of Edinburgh. 

The question early occurs to any one either observing the phe- 
nomena of smoke rings or investigating the theory — What conditions 
determine the size of the ring in any case? Helmholtz's investiga- 
tion proves that the angular vortex velocity of the core varies directly 
as its. length, or inversely as its sectional area. Hence the strength of 
the electric current in the electro-magnet, corresponding to an in- 
finitely thin vortex core, remains constant, however much its length 
may be altered in the course of the transformations which it experi- 
ences by the motion of the fluid. Hence it is obvious that the larger 
the diameter of the ring, for the same volume and strength of vortex 
motions in an ordinary Helmholtz ring, the greater is the whole 
kinetic energy of the fluid, and the greater is the momentum ; and we 
therefore see that the dimensions of a Helmholtz ring are determinate 
when the volume and strength of the vortex motion are given, and 
besides, either the kinetic energy on the momentum of the whole 
fluid motion due to it. Hence if, after any number of collisions 
or influences, a Helmholtz ring escapes to a great distance from others, 
and is then free, or nearly free, from vibrations, its diameter will have 
been increased or diminished, according as it has taken energy from, or 
given energy to, the others. A full theory of the swelling of vortex 
atoms by elevation of temperature is to be worked out from this princi^k. 

Professor Tait's plan of exhibiting Bmoke fvii^ \a ^a W^qw^\ — ^ 
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large rectangular box, open at one side, has a circular hole of six or 
eight inches diameter cut in the opposite side; — a common rough 
packing-box of two feet cube, or thereabout, will answer the purpose 
very well. The open side of the box is closed by a stout towel, or 
piece of cloth, or by a sheet of india-rubber stretched across it. A 
blow on this flexible side causes a circular vortex ring to shoot out 
from the hole in the other side. The vortex rings thus generally are 
visible if the box is filled with smoke. One of the most convenient 
ways of doing this is to use two retorts, with their necks thrust into 
holes made for the purpose in one of the sides of the box. A small 
quantity of muriatic acid is put into one of these retorts, and of strong 
liquid ammonia into the other. By a spirit lamp applied from time to 
time to one or other of these retorts, a thick cloud of sal-ammoniac is 
readily maintained in the inside of the box. A curious and interesting 
experiment may be made with two boxes thus arranged, and placed 
either side by side, close to one another, or facing one another so as to 
project smoke rings meeting from opposite directions, or in various 
relative positions, so as to give smoke rings proceeding in paths 
inclined to one another at any angle, and passing one another at 
various distances. An interesting variation of the experiment may be 
made by using clear air without smoke in one of the boxes. The 
invisible vortex rings projected from it render their existence start- 
lingly sensible when they come near any of the smoke rings proceeding 
from the other box. 

In answer to questions by Dr. Angus Smith, of Manchester, and Dr. 
Allen Thomson, the author stated that the explanations of chemical 
affinity had not been attempted in any theory of atoms or molecules 
hitherto propounded ; and the difference of chemical qualities presented 
by different substances had been one of the most perplexing mysteries 
of natural philosophy. If a theory of the constitution of matter is 
ever to be worked out from the suggestions now made, it is easy to 
conceive how chemical affinity may be explained through the mutual 
action of vortices depending on their characteristic and durable 
qualities of multiple continuity. The elasticity of solids must be 
explained by the mutual action of vortices more closely packed 
together than any distribution such as might produce the qualities 
of gases. If the elasticity of solids is explained at all, by this or any 
other molecular hypothesis, the explanation of crystalline qualities 
follows as a matter of course. It is, indeed, less easy to explain a solid 
absolutely free from crystalline quality (that is to say from difference 
of physical properties in different directions) than to explain a solid 
with crjTBtalUne quality. 
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VIII. — Heu/hts, and other Particulars of the November Meteors. 
By A. S. HEBScnEL, B.A., F.RA.S. 



Read April 3, 1867. 



The earliest authentic record of the appearance of the November 
meteors dates from the 13th of October, O. S., corresponding to the 
18th of October, N. S., in a. d. 902 ; when it is narrated that '* an 
infinite number of stars scattered themselves, like rain, from right to 
lefb, and that year was called the year of stars." The meteoric shower 
appeared again in a.d. 931, 934, 1002, 1101, 1202, 1366, 1533, 1602, 
1698, 1799, 1832, and 1833; and finally it returned, according to pre- 
diction, in the year 1866. A cycle of about a third part of a century, 
or more nearly 33^ years, would account for all the appearances ; and 
certain cases show (for example, the returns in 931 and 934, and those 
in 1832 and 1833) that the shower may be expected to return for two 
or three years in succession at the end of every such cycle. 

The date of the " ram of stars " in A. d. 902 was the 18th of October, 
N. S., and the display in 1806 took place on the 14th of November, 
which amounts to a retardation of twenty-seven days in twenty-nine 
returns. The intervening dates completely bear out a progp-ess of the 
phenomenon in the year of about one day at each return, so that, to 
cite none but the most recent recurrences, the shower which appeared 
on the morning of the 12th of November, 1799, was seen on the 
morning of the 13th of November in the years 1832 and 1833, and on 
the morning of the 14th of November last, in the year 1866. From 
an almost imbroken chain of evidence, the purely astix)nomical character 
of the November meteors is accordingly established. They form a 
gp'oup consisting of an infinite number of small individual bodies, 
assembled together in a stream crossing the earth*s orbit at a point 
which, at the recent display, occupied the ecliptic longitude 231° 28'. 
The earth will occupy this position again on the morning of the 14th 
of November next, at 6h. 48m. a.m., Greenwich' time. Allowing a 
further lapse of forty minutes to take place for the annual shifting of 
the place along the ecliptic where the meteors are encountered, they 
may be expected to reach their maximum display towards half-past 
seven o'clock in the morning, or very nearly at day-dawn in England, 
on the 14th of November, 1867. 

The phase of the moon, then very nearly three days past the full, 
will detract something from the grandeur of the spectacle — even in 
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America, where the next recurrence of the shower may be expected 
to be visible to the best advantage; but being in the constellation 
Gemini, not more than two constellations distant from the radiant 
point or centre of divergence of the meteors, when the meteoric stream 
is most abundant, an excellent opportunity will present itself of directing 
a telescope towards the moon, which should not be neglected, in order 
to ascertain whether the streaks and other lucid features of the meteors 
preserve their lustre undimmed when projected against the bright back- 
ground of the lunar disc. 

Among the largest of the meteors noticed on the morning of the 
14th of November, 18G6, one which appeared at twenty minutes to 
three o'clock on that morning was seen as far south as Nottingham in 
England, and as far north as Aberdeen in Scotland. Of this meteor 
the luminous streak remained visible to the unassisted vision at least a 
quarter of an hour, at several widely distant places in Scotland, and in 
the north of England. An approximate determination of the height 
of the meteor, or in cases where the meteor itself escaped notice, of its 
streak above the surface of the earth, would evidently result from the 
observations at these places, if observers at the several stations had 
been particular to notice with sufficient care the apparent position of 
this extraordinary meteor by the stars ; or, at least, the apparent 
position of its remarkably persistent train. The latter was sufficiently 
well observed at the Glasgow Observatory to affi^rd, when compared 
with three other similar observations, which were made simultaneously 
at the observatories at Aberdeen and Edinburgh, and at Sunderland in 
Durham, a satisfactory approximation to its height. An observation 
of the same meteor, by Mr. T. P. Barkas at Newcastle-upon-Tyne, 
appears in the Astronomical Register for January, 1866, and was 
received from Mr. Barkas by Professor Grant, who informs me that it 
conBrms, on trial, the result separately arrived at from the closely 
adjoining observation of the meteor made at Sunderland by Mr. T. W. 
Backhouse. The latter observation, as we might be led to expect from 
the near neighbourhood of the two places, is in every respect a per- 
fectly parallel description to that which Mr. Barkas gives of the same 
meteor as it appeared at Newcastle-upon-Tyne. 

The following is the appearance of the luminous streak of the large 
meteor as seen and described by Professor Grant in his graphic and 
excellent summary of the principal phenomena of the shower : — 

" At 2h. 42m. the most remarkable phenomenon of this kind presented 
itself to us in the constellation of Ursa Major, but unfortunately none 
of us caught the commencement of it. The blaze of light which this 
meteor emitted at the time of vanishing was extraordinary. It left 
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behiud it a curved residue of faint light, of sensible breadth, and having 
the form of a horse-shoe, the extremities of which at first embraced 
epsilon and gamma Ursse Majoris ; but as it gradually grew fainter, it 
expanded in dimensions, until ultimately, before vanishing, one extremity 
embraced epsilon Ursae Majoris, while the other extremity reached as 
far as alpha and beta of the same constellation (the two pointers). 
This singular phenomenon remained visible in the heavens for twenty 
minutes after it first attracted our attention/' 
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Changing appearances of a Meteoric Streak, 18CG, Novtviber 14, as seen at 
the Glasgow Observatory. — 1. Appearance at 2b. 42m. a.m. ; 2. Appearance 
at 2h. 44tD. A.M. ; 3. At 2h. 48m. a.m. ; 4. Shortly before disappearance, at 
2h. 52m. A.M. 



In a detailed account of the meteoric shower, received from Mr. D. 
Gill of the Aberdeen Observatory, at King's Collie, by Professor Grant, 
the following description is given, accompanied by drawings of the 
meteor, and of its train : — 

'' 2h. 40m. 58s. On my way home, when about half a mile due 
south of the Observatory, my attention was attracted at this instant 
by a glare of light. Looking up, I feared that I had missed some 
splendid meteor, when presently, beyond a housetop close to the east 
of me, i^peared a most brilliant meteor, moving nearly horizontally, 
with an apparently slow and diminishing motion. I ran to the middle 
of the street, which enabled me to see backward (eastwards) along its 
path (indicated by its train), which appeared to have commenced 
somewhere between Mars and Pollux — rather nearer to the latter. 
The nucleus passed over alpha Tauri, rested an instant over the little 
pair of stars in the V, and disappeared without noise. 
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'' I should estimate the apparent diameter of this meteor as one-fiflh 
that of the moon ; but the intensity of the light was incomparablj 
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greater than that of any previously observed, and in its character more 
resembled sunlight than any other. 

" The most remarkable feature, however, was the train. This was 
of a pale yellow colour, and at first remained as a band of dense 
nebulous-looking light, about half a diameter of the moon in breadth, 
along the path of the meteor, as in No. 1. After two minutes the 
train wound about as in No. 2. After three and a half minutes it had 
collected itself into a nebulous-looking cloud, as in No. 3, which 
remained vividly distinct till four minutes by the watch after the 
appearance of the meteor, when it was obscured by a cloud." 

Drawings of the meteor and of its streak accompany Mr. D. GilFs 
description. In Na 1 the path of the meteor is shown, from about 
three degrees below Pollux to theta Tauri. In No. 2 the earlier 
deposited portion of the train is shown winding itself up towards 
AUlebaran and theta Tauri. In Na 3 the train is shown coiled up as 
a nebulous cloud, enfolding Aldebarau and theta Tauri.* 

* KuRATrM.— A 8li>;ht dc[uirturc from the original drawing, in the engra\'ing 
11, No. 3, riX{uirca to l>o jnunted oat, and corrected in this recapitulation. In 
the en^n^ving R» No. 3, tho streak is represented as a siroiJe arch or curve of 
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A visual lino from Aberdeen towards Aldebaran, about which star 
the nebulous cloud of light appeared to form itself at Aberdeen, and 
another line of sight from Glasgow towards the middle point between 
the stars epsilon and gamma TJrsae Majoris, where the luminous streak 
was seen at Glasgow, intersect each other at a height of 57 miles 
over a spot a few miles north of the town of Dundee, at a distance of 
90 miles from the Glasgow Observatory, and 77 miles from the place of 
observation near the Observatory at Aberdeen. 

Another excellent view of the streak was obtained by Mr. T. W. 
Backhouse, at Sunderland, in the county of Durham, who writes as 
follows : — 

*' On looking out of the window at 2h. 42m. a.m., I discovered the 
train of a meteor, the upper part being a patch of light much brighter 
than the rest. Fig. 2 shows it soon afber I discovered it, and Fig. 8 
at 2h. 44m. 40s. a.m. It was visible at 2h. 53m. I did not see the 
meteor, but am told that it was as bright as the moon." 
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Mr. Backhouse's description of the train shows that he first saw it 
very near the time of its commencement, as it was visible eleven 

light with a single bend. The original drawing of the streak represents it in 
the form of a letter CO, with both its branches very much compressed, and with 
the left branch tapering gradually to a point, and turned over the other branch 
like a tail The engraving B, No. 3, is a perfectly correct representation of the 
phase of its appearance at Aberdeen, if the thicker or left extremity of the arch 
of the streak in the engraving is supposed to be not quite filled up with U^ht« 
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minutes, although at such a low altitude at SunderlaDd as to be hardly 
clear from the mists of the horizon — a circumstance probably not very 
favourable for noting its position among the fainter stars. Two care- 
fully-executed drawings of the streak accompany Mr. Backhouse's 
description. They represent the train of the meteor as it appeared at 
Sunderland, in shape very much resembling the figure of a comma — 
the bright part upwards, and the fainter part below, tapering to a 
point, which is curved towards the left. The position of the streak in 
the drawing fig. 2, when it was first seen by Mr. Backhouse, is nearly 
midway between the two bright stars alpha Cephei and alpha Cygni. 
A line of sight drawn from Sunderland towards this place intersects 
that drawn from the Glasgow Observatory as before, towards the 
middle point between epsilon and gamma Ursae Majoris, at a height 
of 51 miles above the earth's surface a few miles west of Dundee. 
The distance of the meteoric streak from the Glasgow Observatory was 
in this case 80 miles, and the distance of the phenomenon from 
Sunderland was about 145 miles. 

The distance of Aberdeen Observatory is 120 miles in a straight 
line, 47^ north' of east, from Glasgow; and the direction of Sunderland 
from Glasgow is 28° south of east; distant about 130 miles. From 
two such distant places, differing so widely in their directions from 
Glasgow as to lie one on the north, and the other on the south side of 
the meteor's line of flight, each of the two foregoing accounts possesses 
by itself a peculiar and independent interest. But they offer together 
a remarkable coincidence in the results, amounting, obviously, to an 
approximate determination of the meteor's height. They concur in 
showing that the real altitude of the meteoric streak was between 50 
and 60 miles above the surface of the earth ; at a distance of about 80 
or 90 miles from the Glasgow Observatory ; and that it was not far 
from the zenith of a place in the immediate neighbourhood of Dundee. 

Another important account of the meteoric shower, containing an 
authentic description of the same meteor as observed at Edinburgh, 
was communicated to the Royal Astronomical Society by Professor 
Piazzi Smyth, in the " Monthly Notices " of the Society for December, 
1866. The description is as follows: — 

" Of bright meteors . . . there must have been one, about 2h. 
40m. A.M., between alpha Ursae Majoris and alpha Ursae Minoris, for 
immediately thereafter the central part of its luminous track was 
brilliantly conspicuous, like a silver snake in the sky. From minute 
to minute the luminous line became more corrugated ; widening and 
becoming fainter by degrees ; and also drifting, apparently under the 
action of the N.W. wind blowing at the time : even after a quarter of 
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an hour the train matter was still visible, but changed to something 
like the outline of a gigantic pear, and drifted some 30^^ from its first 
position." 

The description of the apparent place of the streak is only approxi- 
mately given by reference to certain stars in Ursa Major and Ursa 
Minor, which allow a considerable latitude between them, in arc, for 
the place at which the phenomenon may be supposed to have been 
seen at Edinburgh. It is, however, again satisfactory to find that, on 
referring the true place of the meteoric streak to the constellations 
then visible above the horizon at Edinburgh, the cloud of light in its 
approximate position above assigned to it would appear projected 
against the sky at Eduiburgh in a direct line between the two stars 
alpha Ursse Majoris and Polaris, indicated by Professor Piazzi Smyth as 
including the streak between them, at a point about twice as far from 
the former as from the latter star. Professor Piazzi Smyth^s observa- 
tion of the meteor at Edinburgh, and Mr. Barkas* note of the pheno- 
menon, as it appeared to him at Newcastle-upon-Tyne, are accordingly 
both corroborative of the results above arrived at on independent 
grounds from those accounts which are described above, from Aberdeen 
and Sunderland. 

When the difficulty of this kind of observation is considered, 
especially the transient character of the impression which the mo- 
mentary phenomenon of a shooting-star leaves upon the eye, it is 
really surprising how frequently the heights of shooting-stars have 
been satisfactorily determined. A list of at least two hundred well- 
ascertained altitudes of shooting-stars, since the first measurements of 
the kind were made upon ordinary shooting-stars, towards the end of 
the last century, might here be quoted in support of this assertion. 
Although presenting many anomalies, towards which errors of observa- 
tion must have contributed their share, such observations show that 
about 60 miles above the earth's surface is the height of the region 
in the atmosphere, where shooting-stars are most common ; and that 
they commonly make their appearance at a distance of about 70 
miles, and vanish at a distance of rather more than 50 miles above 
the surface of the earth. 

In this respect the large meteor of the 14th of November, whose 
height has just been approximately found, resembles the ordinary class 
of shooting-stars by being produced in the upper regions of the atmos- 
phere. The other meteors of the same shower were doubtless quite 
similar to it, and to ordinary shooting-stars, in being produced by the 
impact of light bodies coming into collision with the outer surface of 
the atmosphere, which they traverse for a few moments afler enterin^^ 
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ity with planetary speed. The nature of their light, and of the 
luminous streaks which thej leave behind them, must, however, yet be 
acknowledged to remain a mystery. A spectrum-analysis of their light, 
which was attempted to be made, revealed nothing distinctive by 
which the light could be identified with any terrestrial flame. The 
November meteors in 1866, accordingly, differed specifically from those 
on the previous 10th of August, in the streaks of which the yellow 
Sodium-Hne was not only rei)eatedly and very distinctly seen mixed 
up with a diffuse spectrum, but it formed occasionally the entire light 
of the streak, so as to present in the spectroscope nothing but an 
extremely brilliant and flne yellow line of light. 

No doubt appears now to exist that the November meteors form a 
group of light, or nearly impalpable bodies revolving round the sun in 
definite, but not yet determined orbits. The most probable track 
wliioh they pursue is that which the Italian astronomer at Milan, 
Sig. G. y. Schiaparelli, has quite recently assigned to them, by the 
remarkable discovery that a comet, detected by Tempel on the 19th of 
December, 1865, which passed its perihelion in January, 1866, is in all 
probability a primary nucleus, of which the November meteors form the 
satellites. The November meteors and Tempel's comet, as calculated 
by Oppolzer, pass at the same epoch close to^the earth's orbit, at the 
same ecliptic longitude, at the same obliquity to the ecliptic, and in 
the same direction round the sun. The periodic time of their return 
is also the same, so that their orbits must evidently coincide throughout 
their whole extent. A conspicuous and well-remembered comet, which 
was visible to the naked eye for two or three weeks in August and 
September, 1862, is likewise shown by Sig. Schiaparelli to account 
completely for the appearance of the meteors of the 10th of August. 
All the elements of their orbits agree together, almost identically, when 
the periodic time of the meteors is taken, as is probably the case, from 
ancient dates of their appearance, at about 108 years; while that of 
tbe comet, from an approximate computation at its last appearance by 
Oppolzer, has been ascertained to be about 123 years. 

Comets and shooting-stars are accordingly regarded at present as 
identical bodies, or at least as connected together by some such relation 
as that which connects the satellites to their primaries. If this 
should prove on further research to be established, the long-dreaded 
encounter of the earth with a comet may perhaps, after all, resolve 
itself into nothing more than such an extraordinary shower of meteors 
as that which was witnessed on the morning of the 14th of November, 
1866, or as that which may be expected to occur again on the morning 
of the 14th of November, 1867. 
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IX. — ReavlU oUained from IlecUing Scrap Iron in the Ifeat-Hestoring 
Ga» Furnace, and in the Furnaces eommoidy employed for tliat pwr- 
poae, with Comparinons and Ohservaliona on tite Quality of the Welded 
Iron, and on the Flams (f l/ie Common and Ga» Furnaces. By 
Mb. Wnjjui QoBUAH, 
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In a former paper read before tliis Society, the writer gave a description 
of the hcat-TeatonDg gas furnace ; and ho has now the further honour 
of submitting the following results and obsc-i'vations to the notice of 
the Society : — 

In a day's trial of two common furnaces, 276 cwts. scrap delivered, 
returned 235^ cwts. welded iron, and 29j cwtd. dnder — total weight, 
2fi6 cwts.; loss in iron, 40^ cwts.; loss in weight returned, 11 cwts.; 
coal u§ed in S-feet furnace, S8J cwts. per day. 

In three days' trial with the gas furnace, 3S3 cwtx. scrap delivered, 
returned 319 cwts. welded iron, and 5G^ cwta. cinder— total weight, 
375^ cwts. ; loss in iron, 34 cwts. ; gain in weight returned, 22 j cwts. ; 
coal used in three days, 5 tons 8 owt. 2 qra., or 36 cwts. per day. 

The ahove trials were made in cinder-bottom furnaces, in which bU 
the cinder is collected and utilized, so that means were afforded of 
weighing the results and determining the loss or gain accurately. 

The following particulars are calculated from the above data, and 
tabulated for easy reference or comparison : — 
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It will be observed from the above table that nearly 7 cwts. more 
welded iron is produced in one day from the gas furnace than from the 
common furnace, from the same weight of scrap iron charged in each. 
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In the common furnace 40^ cwts. waste iron produced 29^ cwt9. 
cinder, which cinder, if taken as a peroxide of iron, will contain only 
20^ cwts. of iron, so that a ton of iron has completely disappeared, and 
must have humed and assumed the form of vapour before it could pass 
away amongst the waste gases of the furnace. 

In the gas furnace 34 cwts. waste iron produced 56^ cwts. of cinder, 
and if the cinder be a peroxide of iron, then 34 cwts. of iron oxydized 
would yield 484 cwts. cinder, which wouLl allow 8 cwts. for fettling, 
&c,, showing that no combustion of the iron has taken place in the 
gas furnace, as all the iron wasted is found in the cinder produced. 

I am not aware that it has been previously observed that malleable 
iron disappears in the common furnace in the form of gas or vapour 
— the general idea is, that the iron lost in heating passes into the 
resulting cinder ; but in the above instance only one-half of the iron 
wasted is found in the cinder, the other half, amounting to 10^ cwts. 
per day, has completely disappeared. ' 

As referred to in a former paper on Puddling and the Bessemer 
Process, the combustion of iron produces an enormously high tem- 
perature, sufficient to melt malleable iron and make it run like water : 
consequently a layer on the surface of the iron where combustion has 
taken place must be overheated, or what is called practically, ''burned.*' 
This layer of burned iron, which neither runs down as cinder nor flies 
off as vapour, is welded up with the rest, and must impair the quality 
of the iron. 

This source of deterioration operates on all kinds of iron when welded 
in the common furnace, but more particularly when welding scn^, as 
the " burned iron " resulting from the external combustion of each 
piece of scrap forming a ball must be in proportion to the great surface 
exposed. 

As the interior of a ball of scrap iron is composed of pieces an ounce 
or two in weight, it can easily be conceived that a large portion of the 
iron must be burned ; and it is obvious that in heating piles or faggots 
of iron the same evU obtains, although not to so large an extent ; and 
the ofbener iron is piled and heated, the greater must be the quantity 
of " burned iron " produced and welded up in the body of the iron. 

When iron is overheated or "burned " bodily in the course of manu- 
facture, it can be detected ; but the burned iron above referred to can- 
not be prevented in the common furnace, and cannot be detected or 
kept out of the iron when it is being welded ; and as every welding 
heat the iron is submitted to increases the evil, in a few heatings the 
best and strongest iron is rendered useless for purposes where strength 
and tenacity are required. 
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Unless iron is deteriorated in some such manner as that here stated, 
it would seem difficult to explain an occasional occurrence in forging, 
when a large shafb will break across at the cold end, and drop away, 
while being worked under the steam-hammer. Of course, before such 
an event could possibly take place, the strength and tenacity of the 
iron must have been destroyed ; and it is easier to account for it by 
allowing that the iron had g^t injured by frequent heating, and conse- 
quent debasement by the occlusion of " burnt *' iron, than to suppose 
that the heating should be conducted in such a careless manner as to 
bum the iron bodily. 

When iron is heated considerably above the welding point, and 
passed through the rolls, it will not stick together ; and if hammered, 
will fly from under the hammer, unless struck very lightly ; but by 
allowing the iron to cool down to the welding heat, it can be welded 
under the rolls or hammer, and wrought in the usual manner. 

When iron is overheated in this way, it crystallizes to a certain 
extent, but not being fused so as to permit free mobility of its 
particles, the cinder or other matter contained within the iron is 
not expelled, but seems to fuse and interpose between the crystals, and 
prevent metallic contact ; however that may be, the iron is crystallized 
and " tender," " brittle,** or " frush," in some relation ta the degree of 
beat, and perhaps also to the foreign matters contained in the iron ; it 
is very short, both hot and cold, and no longer fit to be intrusted in 
good work : it will not shear without cracking, and will break with a 
smart stroke or fall. 

" Burned iron *' has all the bad qualities of fused and overheated 
iron in a greater degree, and without a redeeming quality. When iron 
is heated to such an excess in the common fiamace that part of it is 
burned away bodily, it must be very near the fusing point, and the 
reason why it is not melted down may be owing to the combustion of 
the iron itself, as, for instance, a piece of coal while burning at a fierce 
white heat on the surface is quite black towards the centre, and the 
surfaces of the pieces of iron composing a pile may undergo combustion, 
and produce enormous heat, while the undeilying layer may be kept at 
a much lower temperature by the vaporation of the iron. 

Dr. Percy, in his valuable treatise on Iron and Steel, takes notice of 

'* burned iron ;** but he does not give the subject that attention its 

importance demands. The case adduced by the doctor is that of 

malleable iron melted in a crucible under slag produced in assaying 

iron ore. The melted iron was of a very crystalline fracture — when 

worked, it was very soft and tough — had a fine face, and sharp, even 

edg^ like steel. Whilst at a welding heat, also, the iron worked 
Vol. VI.— No. 3. q 
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Yearj well ; but on cooling to a red heat, it became cracky, and broke. 
This, and other experiments of a similar kind, led to the conclusion, 
that the property of becoming useless afber exposure to a welding heat 
appears to be a special character of fused wrought iron. 

This case does not correspond to those which occur in practice 
where the iron is burned in the presence of oxygen without being 
actually fused. When iron is completely fused, any cinder or other 
fusible matter which may have been worked up with the iron is set 
at liberty, and the iron is allowed to crystallize in its own system; 
besides, the iron being melted under slag, is protected from oxidation 
and any injurious matters contained in the furnace flame. The case 
is altogether di£ferent when iron is exposed and burned in an oxidizing 
flame (as in the common furnace), with its powerful affinity for oxygen, 
and that affinity intensified by enormous temperature ; and although 
it may not be heated to the point of fusion, the above destructive 
agencies are sufficient to render it as weak and brittle as whinstone, 
and ultimately destroy its metallic properties. 

The gas furnace, in producing a non-oxidizing flame in which carbonic 
oxide preponderates, prevents the iron from undergoing combustion, so 
that " burned iron " is not necessarily produced in heating ; and iron 
may be worked to any point of excellence of which it is capable without 
being deteriorated by such admixture. 

Having given results of practical trials of the common and gas 
furnaces, and observations as to the quality of iron due to each furnace, 
I shall now endeavour to show that the quality of Jlame of the different 
furnaces is adapted to produce the different results obtained — viz., to 
prevent combustion of the iron in the gas furnace, and to produce 
combustion of the iron in the common furnace. 

The question has been asked. What difference can there be between 
the flame from coal when it is burned directly, as it is in the common 
fomace, and when it is first converted into gas and then burned as 
in the gas furnace ? Are not the products of combustion the same 
in both, and why should there be an advantage in converting the 
coal into gas ? The answer is, that in the common furnace, where 
solid fuel is burned directly down to carbonic acid, it is necessary, in 
order to get rapid combustion and great heat, that the air should pass 
rapidly through the fire, and consequently the oxygen of the air does 
not get saturated with the fuel ; and it is found in practice that twice 
as much air passes through the fire as is actually required for com- 
bustion. This is a well-known fact, and has been repeatedly proven, by 
analyzing the products of combustion, by the most eminent chemists. 

It is also well known that while that part of flame which is nearest 
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the fire may have a reducing action, the point or part farthest from 
the fire is oxidizing; and as the flame is produced over the fuel in 
the common furnace, and has to pass over the hridge, hj the time it 
has reached the heating chamher the flame has hegun to exert its 
oxidizing qualities ; add to this the douhle amount of oxygen necessary 
in direct comhustion, and the result is a flame haying chemical con- 
stituents highly adapted to the complete destruction of iron or any 
other oxidizahle metal ; and as a proof that the top, or part of flame 
farthest from the fire, is the most oxidizing, I would refer to the 
regular experience of workmen, who find that the iron placed next the 
flue hridge, or part of the furnace farthest from the fire, is always 
wasted or cindered away more than that which is heated nearer 
the fire. 

In the gas furnace all the coal is converted into gas hefore it is 
finally consumed, and the air for consuming the gas is heated so highly 
as would nearly, if not quite, melt cast iron, so that when the gas and 
air unite, comhustion is instant and complete, and it is not necessary to 
supply more air than what is required for comhustion. 

Also, the air for huming the gas is not supplied till the gas is just 
entering the heating chamher, so that the first, or reducing part of the 
flame, is used for heating the iron ; and to make sure that no com- 
hustion of the iron can possihly take place, considerahly more gas is 
supplied than what is required for comhustion or saturation of the 
oxygen, so that the flame of the gas furnace not only heats, hut protects 
and nourishes the iron, carbonic oxide gas being in excess. 

In heating a ton of iron in the common furnace 10 cwts. of coal is 
usually consumed, for which purpose 12^ tons of air is required, 6^ 
tons of which air passes through the fire unoonsumed ; the oxygen of 
the other 6^ tons unites with the fuel to form carbonic acid gas ; so 
that, to heat a ton of iron, 13 tons hot gases or flame passes over it, 
6^ tons being hot air, with its oxygen free. 

It is found in practice that a ton of iron can be heated with half the 
weight of coal in the gas furnace, and the coal requires only half the 
air, so that 5 cwts. coal, requiring about 3^ tons air — ^in all 3 tons 7^ 
cwts. hot gases, with no free oxygen — heats a ton of iron in the gas 
furnace. 

Iron at a high temperature has a powerful aflSnity for oxygen, and 
will decompose steam, or even carbonic acid gas; and when heated 
in such a flame as that of the common furnace, it must oxidize and 
bum when at a white heat, as previously shown ; and many practical 
men, observing the resulting cinder, believe it to be impurities which 
the heat melts out of the iron, while it it is just so much of the iron 
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which it bong dkiolTed hj the ozrgen pwing throogli the fnmioey 
•Dd the iroo left is not porer in oonseqnenoe. 

If iron were heated in an air-tight crodUe, as when making steel, 
little or no cinder would he prodooed bj the mere addition of heat; bat 
if the same iron were exposed for so long a time as when melting in a 
emeiUe to the flame of the common fiimaee, no iron in a metallic form 
would be left in the furnace, — it would be oxidized br the flame. 

As four times the weight of gaseous matter passes through the 
common furnace to heat a ton of iron, the current must be sixteen 
times stronger, so that the injurious effects of strong currents are 
avoided in the gas furnace, and the iron is thus placed nearij in the 
same conditions as if it were heated in a crucible. 

No heat which could be produced in any ordinary furnace is sufli- 
cientlj elevated in temperature to Yi^rize iron, unless oxygen were 
present to promote combustion of the iron itself. That the union of the 
oxygen and iron is promoted by forcible contact or strong currents 
the well-known experiment of swinging a rod of iron at a white heat 
rapidly through the air may be given as an illustration, — ^the rapid 
combustion of the iron which takes place giving out the beautifid 
scintillating light so much admired. Of course, it is the same whether 
tho iron is driven rapidly through the air, or the air driven rapidly over 
the iron,— it b the forcible contact which increases combustion ; and 
the same eflect must take place in the common furnace, from the great 
weight and bulk of gaseous matter which passes over the iron in 
a given time. 

Ample corroborative testimony to the above conclusions is afforded 
by the dissolving or washing away of the bricks composing the roof 
and sides of the furnace and flue, — so rapidly that some parts require to 
be replaced weiekly. That this destruction of refractory brick is not 
due merely to heat and force of the gaseous current, but to the presence 
of oxide of iron in the flame, is evidenced by the fact that in the g^ 
Aimacei where no iron is burned or vaporized, and where the /wmace 
hmU is much higher, the bricks are not dissolved and as it were washed 
away by the gaseous current; the consequence is that the common 
Aimace requires weekly repairs, and to be rebuilt in about nine months, 
while the gas Airnaco requires few repairs, and lasts two years. 

Having thus endeavoured to show that all the conditions necessary 
for the complete combustion of iron are present in great force in the 
oommon furnace, and that a large amount of iron is dissipated I have 
ilready demonstrated, I would now state that the conclusions, arrived 
at as to tho deterioration of iron by the occlusion of '' burned *' or 
oiidiied iron are not aflected by the question, Whether a portion of 
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iron during combustion passes off as vapour, or oxidizes as a liquid, and 
afterwards escapes by sublimation? — the fact that solid or compact 
iron disappea/ra in the common furnace by combustion evidences a much 
higher temperature than what can be produced by the fuel, and that 
consequently the surfaces of the iron where combustion takes place 
must be " burned." 

The combustion of iron may be seen at any time in the puddling 
furnace. When the iron has been puddled, and is turned up from the 
bottom for balling, the comparatively cold iron is immediately acted on 
by the oxygen of the air, rises to a white heat, passes on to the point 
of fusion, and melts down by the fervid heat of its own combustion. 

Of late it has been established by Mr. Graham, Master of the Mint, 
that iron at or even below a red heat can take up 4*15 times its 
volume of carbonic oxide gas and retain it even when cold ; of course, 
this is a means of introducing carbon into iron without fusion or 
cementation, and indicates important improvements in the manufacture 
of iron and steel, which will not likely be neglected, and which the gas 
furnace provides means of following up, but for which purpose the 
common furnace cannot be used. 

The writer regrets that he has not yet had an opportunity of 
following up the improvements in working iron and steel to which the 
above results and observations obviously lead ; but he hopes that the 
practical iron worker will pecceive, in the use of the gas furnace, a 
means of manufacturing iron of greatly superior quality and tensile 
strength to what can be produced in the common furnace ; and it is 
expected that the above improvemente will prove of more value than 
the established saving in coal and iron. 



X. — On Recent Discoveries in the Structure qf the Internal Ear, By 

Db. Allen Thomson. 



Commimicated April 17, 1867. 



Db. Allen Thokson exhibited with microscopes a series of 
specimens illustrative of the structure of the Cochlea, made by Dr. 
Thomas Keid, of Glasgow, and gave an account of the recent progress 
of discovery in that subject, referring more particularly to the ob- 
servations of Eeissner, Corti, KoUiker, Henle, Claudius, Deiters, 
Hensen, Eeid, and himself. 



"Dr. ThoamoDy after referring to the great difficohr of obtadning 
perfect qterimeni br fectioos of socfa ttru e tuna as the cocbka, both 
OD aeeoont of the mmixteiiefls and extreme ddicacj of the apparatus 
eoimeeted with the terminal extremities of the anditorT nerres, and of 
the eombinationy in the organ, of tlr ue iuna of Terr Tarious degrees of 
densit jy described the method punned bj Dr. Beid, bj means of whidi 
that obierrer had soooeeded in obtaining sections of the cochlea in 
whidi the natural disposition of the miniite parts was comparatiTd j 
Hitle disturbed. He then described the ^ipearances exhibited bj the 
p rep arati ons, which demonstrated in a rerj dear manner the flawing 
ctreomstaneesy riz. : — the form and relations of the membranoos canal 
of the cochlea ; the position and attachments of the membrane of 
Beissoer, sep ara ting the canal from the scak Tcstiboli, and of the 
membrana basilarts lying towards the scak tjmpani; the stmcture 
termed membrane of Corti, togetiier with the cells sitnated in the 
soletis spiralis and abore the organ of Corti ; the points of issue of the 
terminal filaments of the auditory nenres, and their probable con- 
turaation into small radiated cells among the rods of the organ of 
CortL The cells or rods of the organ of Corti, the cells of Deiters, 
the epithelial celb of the other parts of the cochlear caTities, the 
qnral ligament, membrana reticularis, and other structures, were also 
the subjects of demonstration and remarks. 

In conclusion, Dr. Thomson made some remarin on the probable 
uses of the minute terminal nervous apparatus which had been shown, 
as related to the reception and combination of the ribrations of 
sound, in support of the view that this apparatus in the cochlea is t*iie 
part of the organ of hearing more immediately connected with the 
distinction of the difSsrent pitch and quality of sounds. 
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MINUTES. 



AnderaorCa University BuUdinga, November 7, 1866. 

The Sixtj-fiflh Session of the Philosophical Society of Glasgow was 
opened this evening, Db. Fbancis H. Thomson, the President, in the 
Chair. 

Mr. Paul Dom, Chemist, and Mr. Sigismund Schoman, who 
were proposed as memhers at the closing meeting of last Session, were 
elected. 

Mb. W. H. Hill and Mr. George Anderson were appointed 
Auditors of the Treasurer's Accounts. 

Mb. Geobge Andebson reported, that at a recent meeting of the 
Committee appointed hj the Society in 1863 on the suhject of Free 
Libraries and Museums, it was considered advisable that steps should 
be taken, under the amended Act of 1866, for bringing the Act into 
operation in Glasgow; but the public feeling which had been mani- 
fested within the last few days against the increase of local taxation 
rendered further proceedings in present circumstances inexpedient* 
Mr. Anderson added, that the institution of Free Libraries was 
greatly facilitated by the provisions of the Act of 1866, which now 
only requires a majority of a public meeting, no poll being demanded, 
besides conferring sufficient borrowing powers for the purposes of 
building. On M!r. Anderson's suggestion, the Committee was con- 
tinued, consisting of the President, Dr. Thomas Anderson, Dr. Allen 
Thomson, Dr. John Taylor, Mr. John Mayer, the Secretary, and Mr. 
George Anderson, Convener. 

The Pbesident delivered an opening address *' On the Workshops 
of Glasgow," for which, on the motion of Dr. Allen Thomson, he 
received the cordial thanks of the Society. 



November 21, 1865.— The annual meeting of the Society for the 
election of Office-bearers, and for other business, was held this evening, 
Db. Fbancis H. Thomson, the President, in the Chair. 

Dr. John Young, Professor of Natoral History in the University 
of Glasgow, and Mr. A. S. Herschel, B.A., Andersonian University, 
were elected members. 
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The Secbetabt read the following Report by the Council on the 
state of the Society :— 

Bkpobt by the Cotjkcil on the State of the Society. 

L Proceedings. — The printed Proceedings of the Society for the 
Session 1865-66 amounted to 136 pages, and consisted of the following 
communications: — "On the most Profitable Speed for a fully Laden 
Cargo Steamer for a given Voyage," by Mr. James R. Napier. "On 
the Estimation of the Evaporative Power of Fuel," by Professor W. J. 
Macquom Rankine. "On Electrically Impelled and Electrically Con- 
trolled Clocks," by Sir William Thomson. "On a Land Standard 
Electrometer, and a Marine and Land Telegraphic Testing Electro- 
meter," by Sir William Thomson. "On the Determination of the 
Difference of Longitude between the Observations of Greenwich and 
Glasgow by Galvanic Signals," by Professor Grant. " On Petroleum," 
by the late Professor Henry D. Rogers. This was the last scientific 
paper from the pen of Dr. Rogers, and was sent from Boston, United 
States, whither the author had proceeded for the restoration of his 
health. When he returned home, the paper was passing through the 
press, and was never seen in a printed form by its author, the only 
portion of the Proceedings shown to him, a few days before his death, 
being a proof-sheet containing the kind allusions made to him by Dr. 
Allen Thomson, on the occasion of proposing the present President as 
his successor in the chair of the Society. The other papers embodied 
in the Proceedings were, — "On the Function of Articulate Speech, and 
on its connection with the Mind and the Bodily Organs," by Professor 
Gairdner. "On the Treatment of the Cattle Plague," by Mr. Richard 
Brown, which gave rise to a lively discussion, fully reported in the 
Proceedings; and "On the Luminosity of the Sea," by Messrs. David 
Robertson and William Keddie. Several other topics, noticed in the 
printed Minutes, were introduced to the Society in an incidental 
manner. 

The following communications were not embraced in the printed 
Proceedings. Dr. Thomas Anderson gave an account of "Some Recent 
Changes in the Views entertained by Chemists regarding the Constitution 
of Chemical Compounds." Dr. Bryce described the "Geological Struc- 
ture of the Earthquake District of Perthshire." Mr. W. Keddie 
gave an "Account of recent Observations by MM. Milne Edwards, 
Pasteur, and others, on the subject of so-called Spontaneous Genera- 
tion." Mr. Edward A. Wiinsch described "Discoveries made by 
himself in the Coal Formation in Arran." Dr. Allen Thomson 
described the " Structure of the Heart in Reptilian Animals." 
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II. Lectures. — Mr. John Zephaniah Bell, of London, was engaged 
by the Society to deliver two Public Lectures on the Fine Arts. 
Although the attendance was numerous, the experiment was only 
partially successful; and a deficiency in the revenue from the sale of 
tickets was made up by the contributions of the President and Members 
of the Council. 

III. Number of Members, — At the commencement of the Session 
last year, the number of members of the Society was 279, of whom 14 
were then in arrears of their annual subscription. In the course of the 
Session there was an addition of 20 new members, together with one 
from the suspense list, making, at the close of the Session, 300 in all, 
being the largest number ever attained. This number has been 
diminished by deaths, resignations, and non-payment of the annual 
subscription for the year, by 18, leaving on the list, at the beginning of 
the present Session, 282, of whom 14 are in arrears of payment of last 
year's subscriptions. The rule is, that no member is allowed to resign 
without having paid his arrears; the practice is to strike off such 
members as are in arrears for two years, when there is reason to 
believe that payment will not be made by continuing defaulters on 
the roll. 

The Library, — The Librarian will make a separate report on the 
state of the Library, which occupied much of the attention of the 
Council during last session. In addition to the increased outlay in 
the binding of books, &c., it may here be noticed that considerable 
additional expense was also incurred by the necessity of sending the 
circulars convening the meetings of the Society by post, their delivexy 
otherwise having occasioned constant complaints of irregularity. 

Accommodation of the Society. — The attention of the Society was 
particularly called, in the Council's report last year, to the incon- 
venience of the present place of meeting, and to the propriety of 
obtaining better accommodation for the Society, as weU as greater 
security for the Library. Much time was spent by Committees of the 
Council, and the Society, in endeavouring to obtain suitable premises, 
more especially in co-operation with committees of the other scientific 
and art societies in the city, with a view to providing a suite of rooms 
for their, joint accommodation. All these endeavours proved fruit- 
less ; and it will be for the Council to resume its inquiries this Session, 
either on behalf of the Philosophical Society by itself, or in conjunction 
with the representatives of kindred associations. 

The BxJnbiiion Fund. — Eepeated endeavours were made in the 
course of last Session to obtain possession of the money accruing from 
the Exhibition of 1846, lodged in the hands of the City Corporation^ 
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and now amounting, with interest, to £1,012. The efforts of the 
Council in this matter have hitherto heen unavailing. The suhject, 
however, will not he overlooked during the present session ; and, as 
formerly, the Council have to state that they will he glad to receive 
any suggestions from members of the Society which may he of use in 
directing their further procedure. 

The report was approved of by the Society. 

Mb. Cbossket, the Librarian, gave in a report on the Library. 
The report stated that the number of volumes in the Library is 
8,875. There have been large and valuable additions, of transac- 
tions from various foreign societies, viz.: — The Imperial Qeographical 
Society, Vienna ; Boyal Academy of Sciences, Berlin ; University of 
Liege, Liege ; Boyal Academy of Belgium ; Koyal Academy of Berlin; 
Boyal Academy of Sciences of Amsterdam. Important additions had 
been made to the Library by purchases during the past year. The 
books are still suffering from damp, although every method of 
abating the evil is adopted. But the accommodation altogether 
ia quite unworthy of such a valuable Library. The report was 
approved of. 

Mb. James Reld, the Treasurer, gave in the following Abstract 
of the Treasurer's Account for Session 1865-66 : — 



Dr. 

1865.— iV^ov. 1. 

To Cash in Union Bank of Scotland, £40 11 2 

„ Cash in Treasurer's hands, 1 1 lOJ 

£41 13 04 

,, Entry -money and Dues from 19 new Members at 

428., 39 18 

,, Annual Dues from 5 Original Members at 58., 15 

„ Do. from 1 Original Member for three 

years 15 

„ Do. from 242 Members at 21s., 254 2 

■,, Do. fixmi 7 Members for two years, 14 14 

310 14 

„ Institution of Engineers for Rent, 15 

„ Interest on Bank Account, 2 7 11 

,, Taxes recovered frt>m Landlord, 2 7 3 



£372 2 24 
.,, Expenses connected with Mr. Bell's Lectures, repaid by Sub- 
scriptions by Members of Council, and tickets sold, 30 10 
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Gr. 
1866.— Oct 31. 

By New Books and Binding, £109 6 6 

„ Printing Proc«eJiw^«, Rules, Circulars, &c., 61 10 

„ Stationery, 2 17 6 

„ Salaries and Wages, 110 5 

„ Delivering and Posting Circulars, 12 1 6 

„ Rent, Insurance, Gas, Coals, and Water, 58 14 6 

„ Petty Charges, Taxes, and Postages, 19 5 31 

„ Balance —In Union Bank of Scotland, £4 8 9 

„ Treasurer's hands 3 13 3 

8 2 

£372 2 21 

„ Expenses connected with Mr. Bell's Lectures, 30 10 



Mb. Beid having resigned the office of Treasurer, thanks were voted 
to him for his services. 

The Society then proceeded to the Sixty-fifbh Election of Office- 
bearers, who were appointed as follows, viz. : — 

^resibtnt. 
Db. Fbakoib H. Thomson. 

James Bbyoe, M.A., LL.D., F.G.S. 
Pbofessob Bobxbt Gbaitt, M.A., LL.D., F.RS. 

Sibiariatr* 
Bev. Hekbt W. Gbossket. 

Cnasttter* 
Mb. Jameb Mank, G.A. 

Mb. William Keddib. 
miftx ^tmbtti of CottncU. 



Pbop. W. T. Gaibdihib, M.D. 

Mb. EsMinn) Huht. 

Mb. William NsiXBOir. 

Mb. James King. 

Mb. Daniel Macnee. 

Mb. John Bubnet. 

Pboe. Thomas Ai!n)EBSON, M.D. 

Mb. Alexandsb Habvet. 



Mb. John Bamsat, Lord Dean 

of GuUd. 
Pbof. W. J. Maoqtjobk Ban- 

KiNB, LL.D., P.B.S. 
Pbof. Allen Thomson, M.D., 

F.RS. 
SiB William Thomson, LL.D., 

F.RS. 
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The PsESiDEyT exhibited and deBcribed a collection of the Ponia- 
towskj Gems ; and explained a method contrived by himself for taking 
impressions in glass from gems. 

Mb. Bobebt Gbay exhibited specimens of the Bed-necked Pbala- 
rope, from the West of Scotland, and made a few remarks on the 
species. 

December 5, 1866. — The Pbesidbnt in the Chair, 

Mr. James M'Call, Y.S., Principal of the Glasgow Veterinary Col- 
lege, and Mr. James Bain, ironmaster, were elected members. 

The Pbesident mentioned that the Council this evening had had un- 
der its consideration the subject of the Exhibition Fund, in consequence 
of Provost Lumsden having expressed a desire that it should be handed 
over by the Town Council to the Philosophical Society, provided that 
the latter could propose any method which would meet the conditions 
on which the money had been invested in the Corporation. The 
Council had appointed a committee to consider a plan whereby it was 
hoped the end in view could be attained. 

Db. B. Angus Smith, of Manchester, read a paper " On the Water 
of the Biver and Frith of Clyde." The subject gave rise to a dis- 
cussion, in which Dr. Thomas Anderson, Mr. D. More, Dr. Gairdner, 
Mr. William West Watson, Dr. Lyon, Mr. Alexander Harvey, Ac., 
took part. 

The thanks of the Society, on the motion of the President, were 
voted to Dr. Smith for his communication. 

Pbofessob Young exhibited specimens of Cestoid Parasites ad- 
hering to the Duodenum of a Haddock, and made a few remarks on 
their habits. 



December 19, 1866. — The Pbesident in the Chair. 

Mr. George Walker Muir was elected a member of the Society. 

The following books were presented to the Library: — 

History of the MerchcmU^ House of Glasgow, presented by tlie Lord 
Dean of Guild and Directors. 

Statistics qf Kew Zealand for 1863-64, 2 volumes, presented by Dr. 
Bryce. 

Transactions of the Historic Society of Lancashire and CheMre^ from 
the Society. 

Transactions of the Botanical Society ofEdinburgh, from the Society. 

The Pbesidekt read a report from the Council, embodying a pro* 
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posal to be laid before tbe Trustees of the Exhibition Fund, with a 
view to obtaining possession of the money for the use of the Society. 

The adoption of the report was moved by the President, seconded 
by Mr. Alex. Harvey, and approved of. The following were appointed 
a deputation to wait upon the Trustees and lay before them the pro- 
posal contained in the report: viz.,^ — The Lord Dean of Guild, Dr. 
Gairdner, Bev. Mr. Crosskey, and Mr. Alex. Harvey. 

Pbofessob Tottko exhibited vertebrae and fin bones of Platax 
Woodfvardi, and teeth of Rhinoceros Schleiermach0ri{?)f Tapirus 
priscus, Sus, from the Bed Crag, and made some remarks on the 
climatal changes indicated by the presence of these genera in England. 

Pbofessob Touko read a paper " On the Scientific Premonitions of 
the Ancients." 



January 9, 1867. — TJie Pbesibent in (fie Chair, 

Mr. Andrew Bowie, engineer, Mr. John Donald, iron merchant^ and 
Mr. Bobert Steel, were elected members. 

It was agreed to defer the reading of Mr. Campbell's paper till next 
meeting, in consequence of the absence of many of the members, from 
holiday engagements. 



January 28, 1867. — ^Db. Bbtob, Vice-President, in the Chair. 

Mr. Hugh MacBean, paint manufacturer, and Mr. W. M. Miller, 
teacher of music, were elected members. 

Mb. John D. Campbell made a communication " On the Proposed 
Extension of the Factory Act, and its probable Effect on Juvenile 
Labour and Education in Glasgow." Mr. George Anderson, Mr. 
George M'Callum, Mr. John Downie, Mr. John Mayer, and Mr. 
Crosskey shared in the discussion of the subject. 

A paper was read by Pbofessob W. J. Macquobit Raxtkis^ " On 
the phrase * Potential Energy,' and on the Definition of Physical 
Quantities.'* 

Mb. Matbb exhibited and described the action of Ansell's Indicators 
of Fire-damp in Coal Mines. 



February 6, 1867. — Pbofessob Gbakt, Vice-President, in the Chair. 

The following papers were read and illustrated, viz. : — 
Mb. a S. Hebschel, "On Singing Flames, and the Musical Sounds 
produced by Heat" 
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Mb. JoHiir Mateb, "On the new Metal, Magnesium: a brief Account 
of the Method of Extraction, and its useful Applications," illustrated 
by a series of Specimens lent by the Magnesium Metal Company. 

Mb. Jony Mateb, " On Gale's Protected Gunpowder." 



February 20, 1867. — The PBEBiDBirr in the Chair. 

Mr. Bemhard Yon Ammon, Mr. John Slessor, chemist, and Mr. 
Alexander Steven, jun., sugar merchant, were elected members. 

The PsssiDEirr reported that the Council are keeping steadily in 
view the procuring of better accommodation for the Society, and are 
in hopes of being able before long to bring forward a plan which 
promises to attain that object for the Philosophical Society in con- 
junction with several other societies. 

The following papers were read: — 

Db. Bbtob, " Notice of some New Discoveries in the Geology of 
Arran. 

Pbofbbbob TouiTG, " Notice of two Instruments for Determining 
the Variation of Species.'* 



March 6, 1867.— TA^ Pbebidbnt in the Chair. 

Sib William Thomson made a communication on the subject of 
Vortex Atoms, illustrated by experiments. 



March 20, 1867.— TA^ Pbesidknt in the Chair, 

Sib William Thombon described the Marine Galvanometer, and 
other Apparatus for Electrical Tests, used on board the Great Eaetem 
in the recent expedition. 

Pbofebsob Toung made a communication " On the Bones of the 
Face in Vertebrates.** 



April 3, 1867. — Pbofebsob Gbant, Vice-Preeident, in the Chair. 

The following papers were read and illustrated: — 
Mb. a. S. Hehbchel, " On the Heights and other particulars of the 
late November Meteors.** 
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Mb. John Mateb, " Nitro-Gljcerine, or Blasting Oil, the New 
Explosive: its Manufacture, Properties, and Uses." 

Mb. Mateb exhibited two forms of AnselFs Fire-Damp Indicators, 
in practical operation. 



April 17, 1867. — Tike Pbesident in the Chair, 

Mb. GoBMAir read a paper "On Results obtained from Heating 
Scrap Iron in the Heat-Restoring Gas Furnace, and in the Furnaces 
commonly employed for that purpose, with Comparisons and Observa- 
tions on the Quality of the Iron Welded, and on the Flame of the 
Common and Gas Furnaces." 

Db. Allen Thomson gave an account of recent Discoveries in 
the Structure of the Internal Ear, with Microscopical and other 
illustrations. 



The Pbesident then announced the close of the Session. 



PROCEEDINGS 



OF THE 



PHILOSOPHICAL SOCIETY OF GLASGOW, 



SIXTY-SIXTH SESSION. 



Opening Address by the President, Dr. Francis H. Thomson. 



November 6, 1867. 



Gentlemen, — It gives me great pleasure to see present so many of 
the well-known and welcome faces which have for many years appeared 
to inaugurate the Session of the Philosophical Society. We are now 
in our Sixty-sixth Session; and although we have to mourn the loss of 
some distinguished men connected with us, I am glad to see around me 
many of the hard workers in science ; and I sincerely trust that, looking 
back to the labours and success of last season, we may hope that the 
present may be fruitful in papers upon the varied subjects which in 
time past have been so well treated in this room. 

Since wo separated in April last, one has departed from amongst us 
who has lefb a name deeply revered by all who had the pleasure of his 
acquaintance — I might almost say, a man universally beloved. I allude 
to the late Mr. Walter Crum, who died on the 5th May of this 
year. 

Mr. Crum was bom in 1796, and was reared and educated under the 
shadow of our venerable University. In 1818 and 1819, Mr. Crum 
was a distinguished student of practical chemistry under the late 
Dr. Thomas Thomson. Of his fellow-workers, amongst whom were 
the late Mr. Dunlop, of Clyde, Mr. Knott, an American, and Mr. 
Angus, sugar refiner, Greenock, only two now remain — namely, Mr. C. 
J. Tennant, of St. RoUox, and our own well-beloved Alexander Harvey, 
who was the assistant in the class. 

From this period Mr. Crum devoted his time and energies to the 
cultivation of that scientific knowledge which gained for the house of 
which he was the head, a place in the first rank, and made it famous 
for the high character of its traDsaotions and products. As a merchant, 
he was eminently distinguished for his quick and ready judgment, his 
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pncticil scientific knowledge of his own ^>edal department, and aboTe 
all, that true, one might almost say, stem, standard of honoarable 
dealing which was his leading characteristic 

So far back as 1S23, Mr. Cram published in the Annals of PhtLo- 
wofHiy the results of a long series of experiments upon Indigo, the title 
of the essay being, " Experiments and Observations on Indigo, and on 
Certain Substances which are produced from it by means of Sulphuric 
Acid.'' This memoir embraced views and facts regarding the chemical 
peculiarities of this material which are now recognized as the standard, 
having never, in all these years of progress and scientific investigation, 
been overturned. The paper was very elaborate, showing how minute 
were the experiments and broad the principles adopted; in fact, so much 
importance was attached to his labours, as bearing upon manufacturing 
interests, that an almost European reputation was the result. Thus 
he was brought much in contact with the best chemists of the daj, 
enjoying the intimate friendship, amongst many others, of Liebig and 
the much-lamented Faraday. 

)£r. Crum became a member of this Society in 1S34, and succeeded 
Dr. Thomas Thomson as President in 1852. During all the inter- 
mediate years he was an active and industrious member, contributing 
regularly to the TrantadlMmB^ and serving faithfully as Councillor and 
Vice-President. 

Amongst the many papers written by him, included in our Transact 
tions, the following may be quoted as the most important : — ^ On 
Chlorinometry, and a new Mode of Testing weak Solutions of Bleaching 
Powder ;** and the same year an interesting memoir " On the Manner 
in which Cotton unites with Colouring Matter." Again, we find him, 
in another department of scientific investigation, treating of the sup- 
posed influence of the Moon upon the Weather. In 1845 he was 
peculiarly industrious in the interests of the Society, as evinced by 
three important papers — the first, " Upon the Action of Bleaching 
Powder on the Salts of Copper and Lead ;" the second, " On a Method 
for the Analysis of Bodies containing Nitric Acid, and Unexplosive 
Cotton ;" and again, '' On the Artificial Production of the Potato 
Disease." Afterwards he furnished a paper '' On a Peculiar Kind of 
Cotton which is incapable of being Dyed ;" and in 1852, when he became 
President, he delivered an address "On the Life and Labours of Dr. 
Thomas Thomson," who so long and worthily presided over us. Many 
here must recollect Mr. Crum's discourse on that occasion, and his 
judicious estimate of the genius and acquirements of our illustrious 
President, whom he had known all his Hfe ; and who, therefore, so well 
fitted to do justice to his memory ? 
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About the last communication from Mr. Crum was a short memoir 
" On the Stalactitic Sulphate of Barytes found in Derbyshire." His 
only separate publication was a little work which appeared in 1830, On 
the Primitive Colours, We all remember Mr. Crum in this Chair, and 
retain pleasant recollections of his calm and philosophic views on the 
various papers brought before the Society. He made no pretensions 
to oratory, but his opinions were always weighty and to the point ; 
and whilst we deeply mourn the loss of one personally dear to most of 
us, our regrets are tempered by the knowledge that he well fulRUed 
his mission in all the relations of life. I feel convinced he has not lefb 
behind him one enemy ; and only pleasing memories of his worth and 
usefulness remain. 

I may be excused for mentioning a touching incident which came 
under my notice at Mr. Crum's funeral, and perhaps was only noticed 
by myself. An old man — one of his veteran workmen, who had 
evidently known him from childhood — stood beside the grave, the 
tears coursing down his furrowed cheeks ; and when " earth to earth'* 
testified that all was over, he ejaculated in an undertone, '^ Poor, poor 
Walter!" 

I cannot conclude this imperfect sketch of our late friend without 
referring to his connection with one of our great educational institutes 
— the Andersonian. For some years he held the office of Chairman, and 
to him is due its present prosperity in many ways ; for, along with 
Mr. Smith of Jordanhill and others, he carried out and perfected the 
various improvements and additions which now render the Andersonian 
Institution one of the most efficient of its kind in Scotland. One of 
his pet schemes was the remodelling of the museum ; and day by day 
was Mr. Crum to be found there, along with Dr. Scouler, re-arranging 
the collection. The museum is now consequently of a very high order, 
and, from its admirable classification, must prove of great educational 
value. I may also mention that Mr. Crum took a warm interest in 
the success of the Glasgow AthensBum, and was one of its earliest and 
most enthusiastic workers. He came on the field at a time when his 
influence was of the greatest importance, and I am told by my friend 
Mr. Provan, who was the originator of the scheme, that but for Mr. 
Crum the institution could not have gone on. 

The last time I had the pleasure of seeing Mr. Crum was about 
three weeks before his death, when ho delivered to the Andersonian 
Trustees a short eulogium upon his late friend, Mr. Smith of Jordan- 
hill, who, gathered to his fathers at a ripe age, was deeply mourned by 
one who had been his loving companion through much of his long life. 
Little did we think, when listening to his sorrowful words, that they 
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were to be his last in this room ; but even then the bolt had sped 
which was to deprive us of our dear and estimable friend. I cannot 
more appropriately close these sad recollections than by a quotation 
from an address by his friend, the Rev. George Campbell of Eastwood, 
which gives a touching description of the sunset of Mr. Crum's kindly 
and virtuous life : — 

" My last remembrances of him are connected with a Sabbath 
evening spent with him and his family a few weeks ago, when I was 
led, as I then thought, by a casual circumstance, but as I now believe, 
by Divine guidance, to select as the subject of my address to the 
neighbouring families gathered in the house, the sublime death of the 
patriarch Moses. And while greatly struck with his whole demeanour 
that evening — with the gentleness, the grace, the humility, and meek- 
ness of his spirit — I cannot but think now that the profound interest 
which he felt in the subject, and expressed to me in the warmest 
language, was due not only to the veneration which he said that he 
had always felt for the lawgiver, as one of the grandest characters in 
history, but to a feeling that the good Shepherd of Israel was even 
then leading him to his rest, and was soon to lay him to sleep in His 
loving arms. It has proved so ; and we are bound to thank God for 
him — for his talents so faithfully cultivated and so actively and usefully 
employed ; for a life so well spent and so peacefully closed, ' coming 
to his grave in a full age, like as a shock of com cometh in his season.' 
May God be pleased to grant His consolations to a family so sorely 
bereaved ; and, while taking away the useful and the good, may He 
raise up others to walk in their steps ; and grant to all of us that we 
may each in our sphere fulfil the work and purposes of the Great 
Master, so that at His coming we may be found as good and faithful 
servants, and be prepared to receive Him, and to enter into the joy of 
our Lord, to reign with Him in that blessed kingdom to which He is 
so quickly gathering home His precious ones from the storm and 
trouble impending upon the earth! 'The righteous perisheth, and no 
man layeth it to heart ; and merciful men are taken away, none con- 
sidering that the righteous are taken away from the evil to come. He 
shall enter into peace : they shall rest in their beds, each one walking 
in his uprightness.' 



> » 



When I had the pleasure of addressing you at the opening of our 
last Session, it was on the subject of the Workshops of Glasgow. The 
matter that might be included under this head is inexhaustible ; and 
having so far considered iron manufactories, and described some of our 
more important local works, perhaps I may now be permitted to take 
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up for a short time, without reference to locality or department, some 
other works interesting from their novelty or their important illustra- 
tions of applied science. 

When I had the honour of being in Dundee as one of the deputies 
of this Society to the late meeting of the British Association, I had 
an opportunity of examining a work which to me was highly interest- 
ing. It is that of Messrs. Cox Brothers, Camperdown Jute Works, 
Lochee, which is the largest in the country, except that of Messrs. 
Baxter, who employ a few more horse-power. The manufacture is one 
of comparative novelty; and being already carried to a great and 
successful extent in Dundee, a notice of it may not be unacceptable 
to the Society. 

Jute is the fibre yielded by two plants named Corchorus olitorius and 
Corchorus capsidaria, both products of Bengal. It is of this material 
that the "gunny" bags of the natives are made. It is cheaper than 
'* Gunn,*' which is one of the strongest of the Indian fibres, and comes 
into competition with flax, codilla, &c., especially in the imitations of 
Brussels and other carpets for which the Dundee manufacturers have 
now become famous. From its tendency to snap after immersion in 
water, jute is not so well suited for the manufacture of rope and cordage. 
The importance of the material may be estimated by the returns of 
the Indian exports. In 1850 England imported 391,098 cwt, of the 
estimated value of £88,989 ; this gradually increased till I860, when 
the imports rose to 2,108,94i2 cwt., valued at £1,774,992. A curious 
anomaly took place in 1859, when 317,890 cwt. was imported, valued 
at £525,099, whilst the year previous had produced 788,820 cwt., 
valued at £303,292. This inequality arose in some measure from the 
Crimean war, or from some peculiar condition of matters between the 
exporters and manufacturers ; but be this as it may, it resulted in many 
instances in large fortunes being realized to the Dundee manufacturers. 

The number of spindles acting in Dundee may be computed at about 
40,000, the annual consumption of jute being about 50,000 tons. One 
might infer from these figures that jute and its manufacture must have 
been long understood, and the different processes of its manufacture 
thoroughly defined. On referring, however, to recent authorities, little 
or no mention is made of it, the trade having only grown up to its 
present dimensions within the last fifteen years ; the manufacturers, 
meanwhile, not much caring to make known the processes employed, 
by opening their works for public inspection. 

Dr. J. Forbes Royle, writing in 1855, gives an account of the history 
and culture of jute, in his able work On the Fibrous Plants of India, 
The subject in itself is an important one, but too extensive to be 
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entered upon fullj in a notice of this scope I shall therefore content 
mjself hj hriefl J describing what I had the pririkge of witnesang in 
Messrs. Cox's establishment 

The works are situated at Lochee, about three miles firom Dundee, 
and coTer upwards of twenty acres. Their arrangements include erezj 
appliance that is new. The facilities for speedj production are much 
enhanced by certain special original movements in the machinery^ 
invented and adapted for this house, and known only within the walla 
of the manufactorr. 

On first entering, you are struck with the clean and orderly appear- 
ance of everything and every person you meet. The utmost regularity 
prevails, and every department is separated and defined. The buildinga 
are from one to five storeys high, and are arranged in regular streets. 
Everything required in the work is manufactured within the walla, 
there being special departments for moulding, casting iron and brasBy 
gas-fitting, plumber work, mason work, painting, joiners, and oertun of 
the engines are even manufactured by themselves, — in fact, with the 
exception of the large producing engines, the entire i^paratus is made 
on the premises. The workers number over 4,000, and these include 
spinners, weavers, dyers, bleachers, calenderers, lappers, packers, 
mechanics, blacksmiths, moulders, masons, joiners, Ac The quantity 
of material consumed is about 40 tons daily : the consumption of coab 
is about equaL The thread produced in twelve months is calculated 
at nearly 52,000,000 of yards. The chimney, which is 302 feet from 
the foundation, and highly ornamental, is in some respects unequalled 
in any part of tbo kingdom ; and I shall here introduce one or two 
facts regarding it, which have been communicated to me by my firiend 
Mr. Cox. 

The erection was commenced in June, 1865, and finished in August, 
186U, although the building had to be stopped during four of the 
winter months, when at the height of 180 feet from the surface of the 
ground, and covered over with a roof to protect it from the weather. 
The height above the surface of the ground is 282 feet ; the foundation 
is 85 feet square, being a single course of ashlar 18 inches thick, laid 
on the boulder clay about 22 feet below the surface of the ground ; the 
weight is distributed over the whole, except a portion in the centre 10 
feet diameter, giving an area of 1,147 square feet to support the 
structure, the entire weight of which cannot be short of about 5,400 
tons, giving a pressure of nearly 3 j tons per square foot. It has not 
subsided in the slightest degree. The materials were taken up outside 
the chimney, by means of a hoist driven by a portable steam engine, 
and the whole structure was completed without any accident. The 
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work was not contracted for, but erected under the supervision and at 
the risk of the proprietors. At present there are twenty-two furnaces 
working into the chimney ; that number, however, will be doubled in 
a short time, as all the other furnaces in the works are intended to be 
led into it. The chimney is removed from the boilers to a distance of 
75 yards, and connected by a large flue of 50 feet area. A draught of 
1^^ inch, measured by the common gas pressure gauge, is realized, 
being nearly double that of many effective chimneys. There is access 
to the balcony by means of an iron ladder built in one of the corners, 
which are formed by the outside walls of the chimney being square, 
whilst those of the smoke-shafb inside are circular. You will observe 
from the drawing that the form of the chimney is square up to a 
height of 230 feet, where the heavy cornice or balcony occurs ; above 
this to the top is octagonal for other 50 feet, finished with a moulded 
cope. It is built in very large panels, in various designs, which are 
composed of parti-coloured bricks. The base, in outward appearance, is 
of droved ashlar, surmounted by a massive moulding, above which 
is the first panel, the styles being checkered red and white, with a 
geometrical figure in the centre of each paneL Above this is a base 
moulding, out of which spring the pilasters or styles of the next panel, 
which joins the shaft of the tower, and is 147 feet high. It is relieved 
by loop-holes in the centre, and a blank clock face on the top of the 
panel. The following are some of the principal dimensions : — 

Foundation, . 85 feet square. 

At surface of ground, . 80 feet. square walls, 6 feet thick. 

At top of first panel, 

At top of main panel, . 

At balcony, . 

At top of chimney. 

Diameter of smoke shaft) 
at bottom, .) 

Diameter of smoke shaft \ 
at top, . . .) 

The jute ii brought direct to Dundee in vessels belonging to the 
firm, and conveyed to Lochee by a line of railway, firom which there is 
a special siding running into the warehouses. The bales weigh each 
about 301 lbs., and measure about 10 cubic feet. These bales are 
removed as required, along accommodation rails, to the room where the 
first operation commences. Here the ropes which tie the bales are cut, 
and the bundles, or strikes, as they are denominated, of jute, taken 
to the softening machines. Afber passing this ordeal, the material is 
cat into certain lengths, the original length of the fibre being from 6 
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to 15 feet. After being slightly Baturated with oil, it is selected or 
dirided into qualities, one to be heckled and the other teased into 
shorter lengths. The heckled kind produces the line or long staple 
jam, and the teased the short staple or tow yam. From the cutting 
machine the portion to be heckled is taken to the room set apart for 
this purpose, where it passes through the heckling machine, by which 
it is again divided into two qualities — the longs and the shorts. The 
latter is mixed amongst the teased portion of the bale, and built into a 
large square stack hke a hayrick, termed the batch. Thence it is 
taken to the second flat to the breaking engine, and from it is dis- 
charged like a long ribbon, termed a sliver, into a tin can about four 
feet deep. A number of these cans containing the sliver are placed in 
front of the balling machine, which conveys the sliver round a roller 
like a bobbin. When full, these bobbins are removed to the carding 
engine, which again discharges the material in the shape of a ribbon ; 
and from this it is transferred to the drawing machine, which repro- 
duces the sliver, but in a much finer state. The next machine is the 
roving frame, which emits the sliver like a small rope slightly twisted, 
and round a bobbin called the rove bobbin. The bobbins are now 
conveyed to the third and fourth flats by the elevators or hoists, to be 
spun into yam. The bobbins containing the yarns are then taken to 
the fifth or upper flat, to be reeled into the hank and put into bundles. 
Thus is finished the preparation and spinning of the tow. 

We shall now go back to the heckling rooms, and follow the longs 
from that department to the yam bundles. After passing through the 
heckling machine, the longs, or heckled portion of the fibre, are carted 
to the second floor, or preparing flat, to the first machine, called the 
spreading machine. This delivers the material into a can or sliver, 
from which it is moved foi'ward to the next or drawing machine — then 
to the roving, whicli discharges on the rove bobbin, twisting slightly 
as in the tow spinning, and so on as before. 

The yams when finished are now moved to the warehouse for sale, 
or to the washing, bleaching, or dye houses, there to be prepared for 
the weaving department. In the washing house the yam is prepared 
for the production of the common fabrics, which are kept as near the 
natural colour as possible. Those intended for the production of the 
beautiful imitation carpets for which the house is celebrated, are 
blenched by the usual chlorine process. The yams are partially dried 
by the hydro-extractor, and from thence conveyed to a series of ovens 
or boxes, IVoin vvhonco thoy come out in the space of a few minutes 
thoroughly dried. The warehouse now receives both descriptions of 
yams to be given out as required — either for sale or for use in the 
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works. For these purpoBUB upw&rds of fort; horses are coDatantl; 
required. 

The process of weaving is necessarily much the same aa in all 
factories for the production of canvas or carpets, and need not be 
described here, except that, as before stated, many original and beauti- 
ful simpliBcations hare been adapted and utilized bj the head partner 
of the firm. 

During the American war large fortunes were made by the Dundee 
manufacturers, for jute canvas was in many cases used where fiax could 
not be got. Gradually, however, the trade has resolved itself yery 
much into the production of the lighter descriptions of canvas, used 
for sogar-bi^ and cotton-bale coverings, which are exported to America 
and the colonies. 

The Messrs. Cox deserve much credit for the beauty, regularity, and 
economy of their works ; and it is matter of admiration that this 
success is mainly due to the unaided and indomitable industry of the 
four brothers, who began and have carried out the uadcrtaking to its 
present proportions. 

Jute manufacture has been introduced into Glasgow within the last 
two years, in the form of a limited company ; and if one may judge of 
the success of the undertaking by tbcir published statements, there 
cannot be a doubt of its becoming a leading manufacture of this city. 

The subject of mineral and manufactured oils has now become one of 
great commercial importance, and it may not be out of place to spend 
a short time in considering its bearing on the future, and tracing the 
rise and progress of this new phase of scientific industry. 

In 1S17, Dr. Lyon Flayfair tamed his attention to the artificial 
production of petroleum, or rock oil ; but we owe the working out 
of the problem to our distinguished townsman, Mr. Young, who, after 
many years of patient and industrious experiments, eUdted results 
astonishing from their magnitude and general utility. 

It ia not my intention to trace the various struggles which havs 
eventuated in the well-deserved success of Mr. Young, or to enter upon 
a description of his process of production ; but it may be interesting to 
you if I put, in a condensed form, some statistics showing the import- 
ance of the trade, and add some information as to the qualities of 
this oil as a fnel. I would refer those interested in the working of 
Mr. Young's process to several well-informed articles in the Herald and 
Morning Jourtial for the month of March, 1866, minutely describing 
Mr. Young's works, as also giving full credit to bis individual exertions. 

Although the introduction of the mineral ofls of America has caused 
not a little damage to the producers iu this country, and reduced the 
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prices even below working expenses, insomuch that, with very few 
exceptions, our Scotch makers have been virtually put out of the field » 
yet, as time goes on, the sources in America will, in all probability, 
be lessened, if not exhausted, whilst our shale is comparatively inex- 
haustible. In the present state of matters it is only such huge con- 
cerns as the Mineral Oil Co. (Limited), backed as it is by unlimited 
capital, that can compete with the low-priced oils which flood thiB 
country from abroad. 

The consumption of these oils in all probability must very much 
increase; for we are yet in the infancy of their utilization. Add to this 
the increasing demand in America, and all over Europe, for the better 
class of refined oils — a demand which, for the present, is throwing into 
this country, to compete with our own products, much of the inferior 
inflammable oils, at such prices as to render competition impossible. 

Already the supply of the mineral oils of America has begun to fall 
off. In 1866 the production outstripped the consumption by 6,000 
barrels of crude oil per day ; whereas in 1867 the consumption exceeds 
the production by 7,000 barrels per day. In further proof of the im" 
portance of this material, it may be stated that during the last five 
years the annual yield of the American oil springs has been upwards 
of 500,000,000 gallons, averaging from Is. 5d. to Is. 6d. per gallon. 

Of late much attention has been drawn to the danger arising from 
the importation of the low class and highly inflammable mineral oils, 
and with regard to which the Americans have found it necessary to 
pass an act of a very stringent nature, as follows : — " And be it further 
enacted, that no person shall mix for sale naphtha and illuminating 
oils, or shall knowingly sell, or keep for sale, or offer for sale, oU made 
from petroleum, for illuminating purposes, at less temperature or fire 
test than llO'' Fahr. ; and any person so dobg shall be held guilty of 
a misdemeanour, and on conviction thereof by indictment in any court 
of the United States, having competent jurisdiction, shall be punished 
by fine of not less than 100 dollars or more than 500 dollars, and 
by imprisonment for a term of not less than six months or more than 
three years." 

One result of this enactment has been to throw into this country 
those base unsaleable oils which are useless in America ; and if we 
would avoid such a calamity as lately occurred at Bordeaux, when more 
than thirty persons were blown up by an oil explosion, with serious 
loss of Hfe, we ought to urge upon Government the necessity of a 
stem restrictive enactment ; for if we except the abortive act of 1862, 
fixing the firing point at 100^ the honest trader in this country is 
totally unprotected. I believe that Government have had their atten- 
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tion drawn to this point, and it is hoped that ere long decided action 
will he taken. 

The oils made in this country, as also the American refined oils, 
invariahlj stand the test of 110'', and if we are to ensure safety, we 
cannot he satisfied with less. Insurance Companies should see to this 
as a matter of self-protection ; for in innumerable instances tmknown 
risks are ignorantly taken, where false representations have been used 
as to quality, and when explosive oils have been substituted ; and in 
this country, not less than on the other side of the Atlantic, it is well 
understood that a careful inspection of storage and sale of petroleum is 
absolutely required. 

A word or two further in illustration of the extent to which oil 
refining has been carried in this country. The refineries of Great 
Britain turn out something like 500,000 barrels in a year. In Scotland 
last year we had twelve refineries whose production was 5,000 barrels 
weekly, but in 18G7 the output amounted to only 1,500 barrels per 
week. Wales at the same date turned out 6,000 weekly, but reduced 
it to 1,000; and at this date, as before stated, most of the Scotch 
refineries are at a standstill, waiting the tide of events. Unfortunately, 
the parties who invested capital may not derive the benefit of any 
prospective prosperity which may arise ; but I believe the day is not far 
distant when, Fhoenix-like, they will revive and lend their aid in ful- 
filling the destiny of this material, which ultimately has a mighty 
service to perform in supplementing our failing supplies of fuel. But 
before going into this question, we may refer shortly to one of the 
results of the distillation of these oils — that of paraffine, the solidified 
hydro-carbon — and here again we owe to Mr. Young the practical 
illustration of this comparatively new illuminating power. 

So far back as 1830, Baron Beichenbach exhibited to the G^erman 
Association of Naturalists at Hamburg the first specimen of paraffine, 
and for some years he continued his experiments upon various vegetable 
oils, but found the quantity so small as to be non-remunerative. In 
the Exhibition of 1851, one paraffine candle was exhibited. In 1862 
a pretty large block was shown ; but Mr. Young, who was determined 
not to do things by halves, produced in the Dublin Exhibition a solid 
block weighing upwards of half a ton ; and its purity was demonstrated 
by its colourless, inodorous, tasteless, and beautifully translucent 
appearance. 

Paraffine candles now compete with the lowest class of tallow candles; 
and this may be easily understood from the fact that for each ton of 
oil refined, 32 lbs. of paraffine is obtained. In almost every village 
paraffine candles can now be bought. 
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Mr. Edward Franklin, in a lecture delirered at the Boyal InstitutioDy 
** On Artificial Illumination/' states, that '' illuminating equiyalents, or 
the quantities of the different illuminating materials necessary to pro- 
duce the same amount of light/' are as follows : — 
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From this statement it is evident that 1 gallon of Young's oil is 
equal to from 1^ to nearly 1^ gallons of American petroleum oil, and 
an interesting experiment was made upon a sample of Young's paraffine 
oil and two samples of American petroleum oil, which showed that at 
a temperature of 120^ the petroleum oil formed explosive mixtures, 
while the paraffine oil did not. 

A curious statistical return, connected with the utilization of these 
oils for illuminating purposes, occurs in the report connected with the 
Industrial History of Birmingham, prepared hy the Local Industries 
Committee of the British Association in Birmingham, 1865. 

'^ In 1860 a lamp manufacturer produced in one year 247,431 lamps 
for the consumption of oil manufactured hy Mr. Young. In 1861 the 
same manufacturer was producing at the rate of 1,200 per day, or 375,000 
per annum. At the first introduction of paraffine oil these lamps were 
produced hy Scotch houses engaged in the hrass foundry trade ; hut in 
1861 the trade was introduced into Birmingham hy four lamp manu- 
facturers. To these a new estahlishment was added, and the smaller 
manufacturers turned their attention to the production of humers. 
The Birmingham production of paraffine hurners reaches 500,000 
annually." The report gives further particulars of the manufacture 
which it is unnecessary to quote. 

HYDROCARBONS AS FUEL. 

Of late attention has heen drawn to the prohahility of utilizing the 
hydrocarbons as fuel, and as this is a matter of great practical moment, 
I shall mention some facts, to illustrate to what extent experiments 
have been made, and with what results. 

Government in 1856 ordered certain experiments at Woolwich Dock- 
yard, with the view of testing the value of petroleum and shale oil as 
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a substitute for coal in raising steam in marine boilers. The experi- 
ments were carried out extensively by Mr. Richardson, upon American 
petroleum, English coal oil and shale oil, Burslem oil, and Torbane Hill 
mineral oil. Fifteen separate experiments were made, the duration of 
which varied from 2 hours 25 minutes to 10 hours 20 minutes. The 
total weight of oil used for getting up steam was 499 lbs., and 4,755 
for the whole experiments. 

Taking the average of the whole experiments, it appears that 13*2 
lbs. of water were evaporated per lb. of oil. The lowest results of the 
series were those given on two consecutive days by a mixture of 
American oil and coal oil once run, burned in three furnaces. On the 
first day 7*77 lbs. of water were evaporated per lb. of this mixture, 
and on the second day 7 '14 lbs. of water per lb., a result lower than 
that obtained from coal burned in the ordinary way. 

The result of these experiments was not very satisfactory, the com- 
bustion having been imperfect. The report gives a detailed description 
of each experiment, which, although interesting enough in themselves, 
do not seem to have been very successful ; but, on the whole, the experi- 
menter seems to give the preference to the Torbane Hill mineral oil and 
Burslem oil, which evaporated the water at the rate of 18*38 lbs. to 
the lb. of oil. The smoke was very moderate, and the tubes at the 
conclusion of each experiment were tolerably clean. 

The report concludes that the experiments, so far as they have gone, 
may be regarded as of considerable value, as showing the great evapora- 
tive power of these oils, and the practicability of their utilization. 

In an economic point of view there may be some doubts of the valae 
of this application. At the present price of petroleum oils, it is not 
easy to suppose that any considerable saving could be effected; and so 
far Mr. Eichardson's experiments, which, however, are only initiatory, 
do not promise much. 

But various parties are now turning their attention to this important 
subject, and certain experiments which were instituted by Mr. Barff 
have resulted in the formation of a limited company in London, called 
Sim and Barff's Patent Mineral Oil Steam Fuel Company; and they 
introduce themselves by stating that they have taken out a patent for 
utilizing the lighting and heating properties of petroleum, tar, oil, 
naphthaline, and other heavy inexplosive hydrocarbons that have 
hitherto been comparatively useless on account of the difficulty expe- 
rienced in combining with them, at the burning point, sufficient air 
to cause perfect combustion. 

Some idea may be formed of the commercial value of the lighting 
and heating properties of these heavy oils, from their possessing three 



246 PhilosophiccU Society of Glasgow. 

times the evaporating power of coal, requiring much less space for 
stowage, and thus effecting a great saving in labour. On this aoooont 
Messrs. Sun and Barff affirm that these oils are doubtless destined to 
form the marine steam fuel of the futmre. They add, that by their 
process no alterations of existing furnace arrangements are required. 

In the Times of 28th January, 1867, there was an elaborate report by 
Professor Bloxham upon experiments which were made at Messrs. 
Jackson and Watkins*, Millwall, by the patentees ; and although too 
extended to be more than alluded to in this notice, the results are 
satisfactory. He concludes by saying, '^ The boiler tested at Millwall 
was a return flue boiler, and although of unfavourable proportions, 
some g^ood results were obtained. With the boiler three parts filled, 
the pressure-gauge indicated 25 lbs. ; in three minutes it was 30 lbs., 
the safety-valve being eased at this pressure. With all these disad- 
vantages to contend with, the gentlemen present expressed their com- 
plete satisfaction with the results ; and as a company has been already 
formed to work this patent, one looks with interest to the result of 
their future trials. The simplicity and easy adaptability of the appa- 
ratus to existing boilers commends itself at once to the attentive con. 
sideration of the public. A vessel of the size of the * Persia' would save 
alone by extra cargo, in using this fuel, for a return voyage to New 
York, no less a sum than £3,000. By this method the rate of evapo- 
ration actually obtained in a boiler very unsuitable for the purpose has 
been the highest ever known — 22 lbs. of water to 1 lb. of oil, or in the 
proportion of almost 4 to 1 against ordinary steam coal ; thus, a saving 
of two-thirds of the space on board ships now occupied for the stowage 
of fuel is effected, and made available for carrying cargo; so that 
although the actual cost of the fuel is greater, weight for weight, than 
that of coal, still the increased cargo-carrying capacity causes such 
diminution in the cost of running a steamer as to leave a large margin ' 
for profits. For naval purposes the importance cff adopting this 
method cannot be overrated. It is well knov/n that many of our iron- 
clads, with their complete armament on board, are able to carry only 
three or four days* supply of coaL In the application of this method 
to the manufacture of iron, it may be stated that some of the most 
rapid meltings ever effected have been obtained by the use of the 
patented method — thus showing its high efficiency under another 
aspect." 

The same gentlemen have also practically carried out a patent by 
J. Kidd for using the dead oil of tar, or any dead oil, for carburating 
the common coal gas. Mr. Barff writes me, stating that the gas 
engineer of the London and North- Western has reported upon it, and 
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the company is to have the lighting of the departure platform of the 
Euston Station. A train of twelve carriages is at present running on 
the North- Western between Broad Street and Chalk Farm, six of them 
lighted by Sim and Barff's process, the others working a patent by 
Professor Blagden. The latter gentleman uses, however, an explosive 
oil, which passes over the bag in which the gas is kept in the guard's 
van, whilst the others use essentially dead oils, which for safety and 
economy seem to carry the day. 

It may be interesting to devote a minute or two to the peculiar 
qualities of these oib, in combination with carbureted hydrogen, for 
lighting purposes, and to note some of the results which emerge in an 
economic point of view. The patentees state that 1 foot of coal gas 
will absorb from 20 to 30 grains of the oil, by which its illuminating 
power is increased upwards of 400 per cent. Thus, 1,000 cubic feet 
of coal gas, costing 4is. 6d., will absorb 5 pints of the prepared oil, 
costing about lid. — total cost, say 5s. 6d. It will then give out an 
illuminating power equal to 5,000 cubic feet of g^s, which costs 22s. 6d. 

In the metropolis there are 45,000 public lamps, on which an 
immense yearly saving might be effected by the application of Kidd's 
process, as employed by Messrs. Sim and BarflP. In proof of this, each 
street lamp in London and its vicinity is computed to consume 5 cubic 
feet of gas per hour, the average time of burning being twelve out of 
the twenty-four hours. Thus each lamp consumes 60 cubic feet of gas 
per night, which is equivalent to 22,000 feet per annum. The ordinary 
cost of gas for street lamps being, as before stated, 4s. 6d. per 1,000 
cubic feet, and the average annual consumption being 22,000 cubio 
feet, this brings the annual cost of each street lamp to £4, 19s. ; whilst 
by the application of the carburator the expense is reduced to £2, 7s., 
effecting a saving on each lamp of £2, 12s., and giving a light of 400 
per cent, greater. 

Again, Messrs. Gkorge Miller and Co., Bumford Street, have inter- 
ested themselves to some extent in the question of the application of 
oil as fuel, and have now working a large furnace used in heating a 
steam boiler, heated entirely by the application of tar oil, the refuse 
of gas works, and steam. The simplicity of their arrangements is 
certainly very remarkable, and to my idea solves the question of the 
absolute combustion of the hydrocarbon liquid. The difficulty of 
burning these oils HmplicUer has hitherto arisen from an accumula- 
tion of coke, arising from the unconsumed carbon accumulating at 
the bottom of the furnace. In this furnace all is consumed, and the 
interior is perfectly pure and white. 

In carrying out this arrangement the bars of the old furnace had 
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remoTed, and the apace doored witk dre-bricka. In the csitze a 
pier warn raised, roanded on the edges 90 as to allow an easy play of the 
fiame. The ordinazy door is still used, but o^er it is an iron plate^ 
throogh which two nozzles are introduced, projecting about 6 inches 
into the furnace. These nozzles are kneed continuations of two pipes 
coming from the tar re^^erroir, each pipe having a stop-cock to regulate 
the aupplj. At the knee of each tube steam is introduced, which 
meets the tar oil as it descends. One or both of the nozzles maj be 
brought into plaj. When I saw the furnace working, the full power 
was on. When an additional supply of oxygen is required, the door is 
•lightly opened. 

Messrs. Miller state that two tons of tar oil, at Id. per gallcRi, grre 
out an amount of heat equal to three tons of the best coal ; and that, 
in an economic point of view, at this rate, and with the oil at their 
handy the expense is much the same. Their worics, being contiguoas 
to the gas manufactory, giTes them facilities as to the supply of the 
tar liquid which are almost unbounded. But even taking all the 
difficulties into considovtion, when we calculate the magnitude of the 
taring to be derived by sea-going steamers, the importance of such an 
application cannot be over-estimated. 

Many people have been working at this question ; and^ amongst 
others, Mr. Swan, of Edinburgh, has taken out a patent for a combina- 
tion of hot air and petroleum, to be used in the smelting and forging 
of iron, and is about to carry out extensive experiments in the blast 
furnace. His experiments are interesting, as showing the importance 
of iiteam or air, in combination with these oils, to efiect perfect com- 
bustion. He states that, in using the oil alone, a thick deposit was 
thrown down, 'and little heat obtained ; but when the hot air was 
used in combination, little or no smoke was evolved, and an intense 
beat was got up at once. 

Again, 8ir James Simpson, of Edinburgh, lately applied for a patent 
for improvements in the utilizing of mineral oil and other oils for the 
pro<luciion of beat and for illuminating purposes. He claims the use 
of either steam or air forced through tubes, by blowing apparatus, the 
object being to break the jet of oil into minute spray, to facilitate its 
Ignition. This patent has not been proceeded with, in consequence, I 
prcstimc, of the other patentees having forestalled him. 

The exact amount of saving, and the quantity of steam or air required 
for aWlutc combustion, has not yet been quite ascertained; but much 
bas been done, proving that the right path has been entered upon ; and 
the iubject is in itself of sufficient importance to invite our attention. 
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IRON. 

I should now wish to say a few words upon the manufacture of iron 
and st^el, and note some of the improvements which have been brought 
up during the past year. 

In my address of last season I drew your attention to this subject in 
connection with Bessemer's process, which, with the exception of the 
invention of the hot blast, has been the most important addition to the 
improvements of this material in our day. This branch of industry 
has in its history three defined stages — viz., the invention of the 
puddling process, in 1784, by Henry Cort ; the hot blast, by James 
Beaumont Neilson, in 1828 ; and the Bessemer patents in 1855 and 
1862. Each process has its own pccuhar interest, but in the special 
department of steel-making, which up to this date was very tedious, no 
great improvement had taken place till Bessemer surprised the world 
with his simple and brilliant idea. It may be well to refresh our 
memories with the principle of this beautiful operation, and this may 
be done in a few words. 

The pig iron is melted in a common reverberatory furnace and run 
into the converting vessel ; in this it is exposed to a blast of air so as 
to exhaust the carbon ; a quantity of speigle iron, which is a compound 
of iron and manganese, is then run amongst the melted mass, — this 
contains a fixed quantity of carbon ; the blast is again put on for a 
certain number of minutes, the progress being indicated by the colour 
of the flame issuing from the mouth of the convertor, which is now 
slowly moved by hydraulic power, turned so as to allow the melted 
mass to escape into a large put lined with fire-clay, having a moveable 
plug in the bottom, which allows the metal to run into the moulds, 
the pot having been previously raised so as to be directly over it. In 
the production of steel by this process we ascertain that . the fuel 
required is below one quarter of that formerly used in the old methods 
— a most important item in our calculations, when we look to our 
future as regards coaL 

The importance of this invention can hardly be illustrated without 
quoting an approximate estimate of the present rate of production of 
Bessemer steel, and of the existing productive power of plant in 
Europe by this process. According to Professor Turner^ s estimate, we 
have flfly-two convertors in operation, capable of producing 0,000 tons 
of steel per week. Prussia has 24^ with a capacity of 1,460 tons ; 
France 12, producing 880 ; Austria, with 14, can turn out 650 ; Sweden, 
with 15, has a productive capability of 530 tons : there are 2 convertors 
in Belgium, 2 more in Italy, also 1 or 2 in Kussia, making the total 
Vol. VI.— No. 4. s 
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power of prodaction of Bessemer steel now aTaikble for Europe equal 
to about 475,000 tons per annnm. To this must be added America, 
with at least 30,000 tons, giving a total of half a million. In a pi^r 
read before the British Association at Dundee bv Mr. Ferdinand Kohn. 
he states that of course the amount produced for this year up to the 
present date does not exceed 200,000 tons, the quantity for the whole 
of last year being 362,000 ; yet in his estimate he quotes England's 
power of production as being twice as great as that of all the rest of 
the world, and its actual manufacture of steel of all kinds follows the 
same proportion. The Barrow Haematite Steel Works are the largest 
in this country, and the greatest but one in the world ; but great as 
they are at present, the company intend to double their capacity. They 
have now in action ten Bessemer steel convertors, four capable of 
holding five tons each. They are arranged in two pairs, each pair 
occupying a separate pit, whilst the other six, being constructed to 
contain a charge of seven tons, are placed in groups of three. If we 
consider each vessel as capable of turning out four charges per day, 
and suppose that all are working, the production would be something 
like a thousand tons per week. They can produce an ingot, by their 
accumulated power, of 21 tons — a weight which no establishment in 
England can equal or exceed. 

Mr. Kohn goes on to say that the finest specimens of Bessemer 
steel were those from Austria and Sweden ; but no great credit to 
them, as their materials are the purest in Europe. The ores, which 
are pure haematite, are smelted with charcoal, and the liquid iron is run 
into the converter direct from the blast furnace — no speigleisen is 
required, but simply a small quantity of liquid iron from the same 
furnace, used for adding the requisite carbon after the complete decar- 
burization of each charge. 

Mr. Bessemer, in his later patents, has much modified his process, in 
order to make it suit the inferior qualities of iron existing in this 
country; and that he has been successful in this peculiar treatment 
may be inferred from the fact, that English haematite iron is exported 
in large quantities to the Continent, and used by steel-makers in 
France and Germany in the manufacture of Bessemer steel, in pre- 
ference to iron made in their own localities. Great as has been the 
success of Mr. Bessemer, he does not stand still : he is now carrying 
on extensive experiments, more especially in connection with rolling, 
or otherwise shaping, the cast-steel in a liquid state under pressure. 

Mr. Whitworth, Manchester, has tried hydrostatic pressure for this 
purpose ; and however great the difficulties of managing large masses, 
this peculiar application of applied science may be expected to have a 
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great future ; for alter the wonderB we have Been as to the effect of 
Bessemer's process, one might even fancy a time, not far distant, when 
steel will be shaped direct, without the trouble and cost of manipulation 
now in use. 

It is evident that we are on the verge of great discoTcries, not onlj 
in rimpliff ing the production of steel of a high and pure quality, but 
also in the production of a suffiaiently pure iron, which has hitherto, in 
this country, been the great bar to our success ; and this is rendered 
bU the more necessary as the quality of steel produced by cementation 
is very inferior in tenacity. Messrs. Cammell and Co. and Messrs. H. 
Bessemer and Co. lately competed as to who would produce the softest 
specimens of steel, — these specimens were of that quality used for boiler 
plates ', and Professor Fairburn states that no better proof of the 
|>erfection and reliability of the Bessemer process can be adduced as prio* 
tiled in England, than the close correspondence of the results obtained 
with these samples. These two different establishments have no con- 
nection with each other, and are entirely independent in their practical 
management. They both make a certain quality of steel to be used for 
boiler plates, and the results shown by their products under the test 
are so nearly alike, both in tensile and compressiTe strength, as to fall 
almost within the limits of observation. 

Notwithstanding the high quality of Bessemer steel for all practical 
purposes, certain of the provincial makers have found difficulties in the 
manipulation of targe masses, and state that, under the hammer, and 
when even made from the purest material, the result as to solidity is 
somewhat uncertain ; and in consequence a variety of patents for new 
processes have been taken out for its further improvement. 

Mr. Kohn gives a very interesting description of a process which he 
describes as being one of the most scientifio methods of producing 
steel castings — namely, that invented by M. Pierre Martin, of Sireuil, 
in France': — " M. Martin melts pig-iron of a good quality, such as is 
tised in the Bessemer process, in a Siemens or gas furnace : he works at 
a very high temperatnre, and by the action of a highly oxidizing flame 
upon the surface of the iron, succeeds in removing the silicon and other 
impurities from the iron, leaving only an excess of carbon in the liquid 
mass. This is then tapped from the furnace snd cast : the cast^gs, 
after being sufdcientlj cooled, are placed in another Siemens furnace, 
having a lower temperature, and a flame slightly overcharged with gas. 
This flame efiectE the process of cementation in a very perfect and 
uniform manner, the carbon of the iron being taken up by a part of 
the carbonic acid contained in the flame. As the process continues, the 
temperature of the furnace is rused, the flame being always contained 
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in its neutral character, to j^revent the oxidation of the surface of the 
metal by the action of free oxygen. After a certain time, which 
depends on the thickness of the article to be operated on, the process 
of cementation is complete, and the casting is converted into steel. 
M. Martin has exhibited some very fine castings of that kind at Paris, 
and liis process attracts a great deal of attention on the part of steel- 
makers. M. Emile and Pierre Martin have also introduced another 
steel process, which is now making rapid progress in France under the 
name of the Martin process. This consists in melting pig-iron in the 
Siemens furnace as described before, and in adding to the molten mass 
a suitable proportion of wrought iron, steel, or pure iron ore — a proceas 
patented and described long before by several inventors, but never as 
yet successfully and practically carried out The Martin process, as 
far as it is known at present, is a practical success. It has recently 
been introduced into several of the largest establishments in Franoe, 
and is working to satisfaction everywhere. The principal advantage of 
this process consists in the facihty which it affords for using up old 
iron, and converting it into steeL" 

Amongst the many patents which have of late attracted the attention 
of the metallurgic world may be mentioned one or two very peculiar 
instances which owe their origin to Bessemer s idea. Two or three 
Glasgow men have devoted themselves to this object, and patented 
their plans. 

Mr. W. Hadin Richardson, of Glasgow, thus describes his patent. 
** This invention has essentially for its object the diminution of the time 
occupied for bringing a charge of iron to nature in the puddling furnace, 
as well as for producing an improved quality of metaL" 

In lieu of the ordinary rabble or paddle at present^employed by the 
puddler for turning over and working up the charge of metal, or in 
combination therewith, a tubular rabble is used, through which 
atmospheric or other air, gas, steam, water, or other fluid or solid 
matter in a pulverulent form, is introduced under, into, or upon the 
charge of molten metal in the puddling chamber, for the purpose of 
facilitating the process. The tubular rabble to be employed may be 
made of iron, or partly of iron and partly of fire-day, or of iron and 
platina, or platina alone, or any other fire-resisting material. The 
patentee claims that by his process he g^ts an improved quality of 
metal, which is exceedingly tough, fibrous, and pure ; and in contra- 
distinction to what is known as Bessemer metal, it is capable of being 
as thoroughly welded as the best brands of commercial iron. It 
may not be necessary at this time to do more than bring this up 
as one of the many ingenious and scientific ideas resulting from this 
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new era in metallurgy, for as yet I believe it has had no practical 
result 

Another process has been lately brought forward, which, although 
not yet patented, will doubtless bo so shortly. The exact nature of the 
invention is not yet published, or at least its exact chemical bearings, 
but the rationale may be so far explained. 

'' The process commences with pig-iron, which is melted in an air 
furnace in the cupola or in a crucible. After fusion, a certain per- 
centage of the chemicals employed by him is added to the liquid mass, 
and the result is an almost instantaneous separation of the carbon from 
the pig iron, the new addition taking the place of the carbon in the 
iron, and the carbon appearing at the surface of the liquid metal in the 
form of graphite, which can be skimmed off and removed if the surface 
of the metal is kept sufficiently quiet. Further, the silicon is thrown 
out by another chemical addition. The siUcum comes to the surface 
combined with one atom of oxygen as oxide of silicum — a white, dry, 
incombustible powder, which is insoluble in water and in sulphuric or 
nitric acid. By this mode of treatment the carbon is removed from 
the iron before the silicum, while in all the processes which refine the 
pig iron by oxidation the silicum is the first to bo driven off. The 
substances added chemically take the place of those removed; and 
although the result is not what may be understood under the present 
definition of steel, yet the new product is a kind of steel, in which the 
constituent carbon is replaced by another material. The character of 
this new steel is that of peculiar hardness, although this quality can be 
regulated. It is stated to be superior in respect of temper to the 
hardest kinds of steel, and is therefore peculiarly suited to the manu- 
facture of cutting tools. A number of toob manufactured from this 
peculiar material can now be seen in operation at the Anderston 
Foundry Company, and the results are very remarkable. The speed 
at which cast iron is turned at the lathe is from 30 to 36 feet per 
minute, and soft iron is turned at the rate of 50 to GO feet. The tools 
made of this material can be worked at this rate for a whole day 
without requiring to be sharpened." 

These statements are very remarkable, and, if true, will make a vast 
change in the manufacture of iron and steel, so far as cutting instru- 
ments are concerned, and reduce it to its simplest expressions. The 
practical effect of such a simplification cannot be over-estimated, or its 
effect exaggerated in the commercial value of steel ; and if absolutely 
and practically true, Bessemer must look to his laurels. 

Another Glasgow gentleman, Mr. Henderson, who has made valuable 
discoveries in the manufacture of ferro-manganese, in connection with 
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his openiionfl in the redaction of copper irom the residaam or waste 
derivahle from the manufacture of bleaching powder, has been conduct- 
ing experiments on a large scale for the purpose of making steel 
direct, and uses for this purpose the oxide of iron, purified from all 
admixtures, and in a state of mechanical aggregation which renders it 
very suitable for speedy reduction. 

The precise nature of Mr. Henderson's experiments has not yet 
emerged, as he is at this moment engaged in securing his new process 
by patent ; but suflScient has transpired to show that, if successful, a 
great change may be looked for ; for, working as he does with the 
present materials, his new steel will in all probability be of a very high 
standard ; and having unlimited supply of the oxide, the price may he 
expected to be moderate. The importance of this subject may perhaps 
plead my excuse for so long dwelling on these different principles; but 
day by day we have evidence of being on the eve of great discoveries ; 
and although I might tell you of what Mr. Mushat, Mr. Parry, Mr. 
Chubbe, of Brooklyn, and many others, have brought forward on this 
subject during the past year, sufficient is before us to rouse our interest, 
and make us wish God speed to one and alL 
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Thb subject of this paper is one concerning which the widest varieties 
of opinion have existed from the earliest times down to our own. The 
solution of that time-honoured question, seeking an exposition upon an 
immovable basis, as to the purpose for which the Great Pyramid was 
built, has occupied some of the most studious hours of many notable 
men in all those countries wherein education has advanced, and of many 
grades of society — men engaged in various spheres of action which 
belong to a high state of civilization ; and yet, at the present day, it is 
difficult, if not in many points impossible, on account of the great 
diversity of creeds, and the evidence upon which such are held, to say 
that what is jyopularly^ in contradistinction to what is scientificaUy 
considered as proof, can be found to bear out any one of the opinions 
that have been advanced. 

As a starting-point, it is necessary for us to bear in mind, that the 
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solution of all questions bearing on the purpose of the Pyramid 
builders in creating that structure is mainly to be effected by processes 
of investigation, based upon the sciences of geometry, arithmetic, and 
mathematics, pure and applied, as well as upon several branches of 
physical and archaeological research ; whilst certain other of its features 
have recently, in a most marvellous and unexpected way, been shown 
to interpret several hitherto unexplained or wrongly explained passages 
of Scripture. On the latter it is not my intention, nor have we 
time, to touch to-night. Let us, then, approach the subject carefully, 
unbiassed, accepting nothing but what is proved actually or by 
remarkable convincing coincidence ; and as the interpretation of the 
Great Pyramid depends in so many respects upon numerical data, let 
us also bear in mind that a most exalted principle of modem science 
is, as it has been lately well expressed, *' not to propound perfect and 
infallible dicta, but rather to know all about the limits of error 
attending every numerical datum ;*' and having ascertained their exact 
values, we are in a position to draw our conclusions, but not before. 

I am fully conscious of the snares surrounding that question of 
questions which I dare venture to approach ; neither do I come before 
you this evening without being aware of the pains and penalties that 
others have sought to inflict, by the lash of a half-taught opposition, 
on those who, possessing some inkling towards it, have earnestly sought 
to explain the meaning of the primeval Pyramid. In all probability 
there is no other question which man has ever found himself compelled 
to ask himself, that is circumscribed with so many points suggestive of 
answers, often eminently satisfactory for a long length of their course, 
but which by and by lead to others, or a series, wherein another or more 
than one question again arises, which by its very nature and occurrence 
detracts from or disproves the probability of a correct inference having 
been originally drawn. 

Literary men, as contradistinguished to what we modems understand 
by scientific men, as well as mathematicians, historians as well as 
travellers, professors of various creeds of religion as well as statesmen, 
physicists as well as archeeologists, philologists, Eg3rptolog^ts, and 
hierologists, have each in their turn endeavoured, by means of the 
various special modes of treatment brought to bear, to solve the most 
ancient material mystery that our world has ever been called upon to 
witness ; and what stands out as so characteristic and significant a 
feature of this grand old Pyramid, is, that it presents so many points 
calling for special investigation, one growing out of another, thus 
probably containing a richer store for seeking after than any other 
problem which our race has ever encountered. Then, although it has 
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happened that the nature of its purpose has through long ages Btood so 
mysteriously silent, is that any reason, it may well be asked, why labour 
towards finding out its portent should be ceased ? On the contrary, 
we are, I think, most solemnly involved in lending all the aid we possess 
towards discovering the intention — the purpose — of that gigantic and 
mightily majestic mass of masons' work which, during the lapse and 
turmoil of 4,000 years, has looked upon' the stem vicissitudes of Egypt's 
troubled land ; but which for ages too, exhibiting itself, though 
rudely, by the robbery and devastation of ignorant and ruthless leaders, 
still stands supreme, the most ancient and perfect, while in character 
most exalted; it is yet the noblest building on the face of the 
earth, securely sitting in tranquil ruin upon its desert hill, overlooking, 
as if bidding stately defiance, and showing itself yet unconquered. 

The subject is, then, one which I approach with much diffidence; 
and I can only wish it had fallen to the lot of abler treatment than 
mine to deal with. I desire, therefore, to explain that my reason 
for taking it up in the way I do before this Society is partly 
because it is widely felt the time has now come when studious men 
must harness themselves with a deeper inquiry into the subject than 
ever ; and I should not even yet have attempted this task but for the 
further reason that what is generally considered to be a very one- 
sided and weak, though perhaps popularly not scierUiJlcally'^eWt assault 
upon a very exalted and highly probable theory of the Great Pyramid, 
has recently been brought before the Royal Society of Edinburgh by 
Sir James Y. Simpson, who, I regret to assert, appears to have adopted 
the most unreasonable and superficial mode of attempt to upset what 
bears so large a shadow of truth, that can well be conceived. Sir 
James, in the early part of his attack, has, I may be excused for so 
saying, committed himself to the gi'oss popular error of classifying the 
Great Pyramid with all other so-called pyramidal structures in Egypt, 
as well as in Ireland, forsooth ! but then we should like to know what 
Sir James thinks of these far more marvellous than the Irish mounds — 
these entire ranges of so-called pyramids which are crowded together 
over vast regions of the American continent, the mounds of the Scioto 
Valley, those skirting the Missouri, Mississippi, and Ohio, or more 
particularly those of various parts of Mexico, and that vast pile, the 
great mound of Miamisburg — some of which are characteristic of, and 
some strikingly congruous with, the mounds in Ireland, as well as many 
another place in our world, and which are shown to have been for four 
purposes — namely, sepulchral, defensive against the inroads of enemies, 
and sites for the temples and sacrificial altars dedicated to those gods 
whom the erectors worshipped. Many of the works on the American 
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continent are, to some extent, pyramidal — that is to say, they stand 
upon rectangular bases, and their four sides slope at the same angle ; 
but I do not know of a case on record of any one of them terminating in 
a sharp pointed apex ; [whereas, of the alleged Irish pyramids, that of 
Newgrange in particular has beenj shown, by the most conclusive 
evidence, never to have been pyramidal at all — a mere roughly-shaped 
truncated conic mound, with inclined sides connecting it to a flat top.* 
Now, to any one who will take the trouble to compare the Great 
Pyramid with any other masonry structure, the features at once show 
themselves so distinct that no doubt can remain but the Great Pyra- 
mid is perfectly unique, and stands out alone, unapproached Jby any 
other building, either externally or internally, that has ever been 
known to exist. 

But of the various points and theories that naturally suggest them- 
selves to our consideration, we must content ourselves this evening 
with examining one or two only, for the number is so great that many 
evenings would be necessary to submit the Pyramid to an exhaustive 
examination. Of the numerous theories that have from time to time been 
promulgated for us to give assent to, there are but two that need be 
considered — these are, the " tombic " theory and the " metrical " one. 
The others, from their very absurd and impossible nature, it would be 
folly to touch upon. 

The PyramMs Primal Condition Externally, 

The foregoing remarks bring us at once to the question bearing on 
the primal condition of the Great Pyramid, as well as so-called (by 
some persons) pyramidal structures in general ; for Sir James, in one 
part of his criticism, attempted — nevertheless, in howsoever power- 
less a manner — to indicate that " in various parts of the world very 
large sepulchral conical hills still existed, made sometimes of earth and 
sometimes of rubble, containing within them relatively small chambers 
for the dead, constructed of enormous stones, and galleries leading to 
these chambers." Now, before we either dissent from or assent to his 

* From the very character of this Newgrange structure — a mere heap of loose 
stones — we may feel perfectly certain that it never could have been anything 
else than a very roughly shaped truncated conical mound. With such 
material as that of which it is composed, there are abundance of reasons for 
showing that it never could have terminated in an apex with its present side 
angle, and no doubt originally the angle approached the vertical more nearly 
than at present. The structure, probably, was made as high and steep as the 
angle of repose of the material would permit For a further exposition on thia 
point, see Appendix. 
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Tiewf , it behores us to inqnire into the original condition of some reallj 
pjramidjd buildings. Then, first, as to the primal external condition of 
inch structures, let us consider that of the Great Pyramid, gathering 
what we can from the writings of that old Halicamassian — the usoallj 
faithful, and always considered reliable narrator of what he hiaiself 
saw and was told — Herodotus ; as well as from the order of things 
that the Pyramid itself presents to us at the present day. What, theOy 
does our historian, in whose day the Pyramid was entire, say of it ? 
He distinctly describes it as being then completely encased with a 
covering of hard, white limestone (which, by the way, has since his 
day by some persons been erroneously called marble) ; that each of its 
sides constituted a beautiful, smooth, and steep plane, so that the 
summit was inaccessible. But Herodotus has handed down to us 
something of far greater import than this. He, who lived in an age 
when the people of Egypt had fallen into a despicable condition of 
idolatry and departure from the greatest of great worships, that of 
Truth, and who had, therefore, in all probability been deprived 
of the whole true understanding of the Pyramid, but amongst whom a 
handing down of something pertaining to quite another meaning than 
tombic still existed — he indeed points out that a metrical meaning 
was understood to be involved therein in his day. No matter how 
imperfect and wide of the truth that which Herodotus heard is, still it 
shows clearly that in earlier ages, when Egypt followed intellectual 
and obedient, in place of idolatrous and revolting leadership, a 
higher and, in all probability, a complete understanding of its purpose 
was known ; and we may, therefore, with great probabiHty — amounting, 
indeed, as much as anything can, at this distant period, to certainty — 
judge that what Herodotus gathered was merely the fragmentary end of 
a once whole insight, which had become degenerated and lost through 
the failure of that people to follow true guidance. Then what did Hero- 
dotus learn in proof of an anciently understood metrical meaning being 
involved in the structure of the Great Pyramid ? — ^namely, this, " that 
the area of one of its sides was equal to the square of the height." Such 
was written by him more than 2,000 years ago; and it is of grave and 
most weighty importance, as indicating to modem nations that the 
notion of a metrical meaning being involved with that ancient structure 
is by no means of recent birth ; for although this belief has only of late 
years goincd a fair share of attention from men of science, we should 
nevertheless remember that in Eastern countries there has always existed 
a tradition that, amongst other things, such as treasure or something 
oonnooted with religion, science still was therein embodied, in contradis- 
tinotion to certain other wild theories of Arabian authors and followers 
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of the false Prophet Mahomet, applied to even the Great Pyramid and 
its somewhat kindred structures adjoining it at Jeezeh — ^those of 
Dashoor, Sakkarah, and elsewhere. 

But let us not trust implicitly in Herodotus by his own statements; 
rather let us seek, by the light of these later times, to test the 
veracity of his account. For about 1,000 years the Great Pyramid has 
presented no such exquisite surface as Herodotus describes, the surface 
being what has been described of a " stepped or laddered character" — 
rough, weathered, and morose-looking; but then for centuries past the 
Pyramid's base has been fortunately (and I use this word in a special 
sense) covered up and protected by the great mass of debris which had 
therearound, through long ages, accumulated, when, thanks to the 
labours of the French Academicians attached to the Napoleonic Expe- 
dition at the end of the last and the beginning of the present centuries, 
the sockets or holes of two of the stones forming the angles of the 
original casing were discovered and laid bare — but these corner stones 
themselves ruthlessly stolen away. A most memorable period in Pyra- 
mid literature is the month Pluviose, of the French llepublican era 
(January, 1801), when MM. Le P^re and Coutelle discovered the 
north-west and north-east corner sockets; and the sockets, although 
empty, nevertheless, their occurrence was enough to prove the former 
existence of the beautiful covering described by Herodotus ; and as units 
providing for the concretion of the whole, their being found is most 
significant. Thirty years and more passed by, when at last Colonel 
Howard Vyse came on the scene of labour amongst the monuments of 
ancient Egypt, with what result so far as concerns the Pyramid? 
Why, this, that he succeeded in finding two of the lowermost course of 
casing stones, and part of a third in situ, unmoved, there-adhering, firmly 
cemented, to the old stepped or laddered inner mass from a day nearly 
4,000 years old. The joints of these casing stones showed themselves 
to be of the most exquisite workmanship that even we highly struc- 
tural modems can well conceive ; for, when measured by the Coloners 
engineer, Mr. Perring, he found them to be 4 feet 3 inches thick on 
the upper horizontal plane, 8 feet 3 inches at the bottom, 4 feet 11 
inches at the back, and 6 feet 3 inches on the slant side, or hypotenuse, 
the joint surfaces being so true at the edges that the intersecting 
cement at these parts was barely appreciable; although, from the well- 
recognized system of rigidly bedding large blocks of stone which the 
Pyramid builders so well understood, there is little doubt but that the 
parts of the joints nearer to the centre were hollow. Until, however, 
these were discovered, no proof in a material form remained in these 
latter days that the exquisite stone casing brought from the distant 
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limestoDe hills of Mokattam ever existed, to confirm the account given 
hy Herodotus. It had been handed down to ns that between the years 
800 and 1000 a. d. the casing was robbed by certain Khaliphs, for the 
purpose of furnishing the material out of which were built the aquedacttf 
and mosques for their new capital of £1 Kahireh — the modem Cairo ; 
also that two enormous bridges or raised platforms were constructed 
to convey these robbed casing stones across the alluvial plain to the 
banks of the Nile. Sir Gardner Wilkinson sets all this forth very 
clearly ; and yet with such facts known in Egypt, the modem Arabs, or 
some at least of them, assert that the Great Pyramid always had the 
(so-called by them) stepped or laddered exterior.* Most fortunate, then, 
is it that two and part of a third of these casing stones have in our day 
been found, and now, it is to be hoped, in part exist, protected by the 
overlying mass of rubbish ;t while all the greater proof shows itself in the 
numerous fragments of similar casing stones, all cut to one definite and 
unmistakeable angle, which have been picked up in large numbers by 
Professor Piazzi Smyth during his recent sojourn at the pyramids, and 
to the unmistakeable nature of which I am able to testify, through his 
kindness of allowing mo to examine them.| Let disbehevers in the 
original angular value of the sides of the Pyramid examine the large casing 

* It is most singular that modem men should, some of them, persist 
with this dogma, when so many writers (althoagh they are never to be 
trusted as to the interior of the Pyramid, which, according to the various 
accounts, munt have changed itself from age to age as each writer lived) speak 
of the taking down of the casing. 

t At the time these casing stones were uncovered, during Colonel Howard 
Vyso's exj)loration8, they were much broken and disfigured by the Arabs and 
visitors to the Pyramid; so that, to prevent their being carried quite out of 
existence as a whole, the Colonel wisely ordered them to be covered up again. 
The Colonel states, however, that they were uncovered after he left, and broken 
in ]iieces. Doubtless, at some to-be-hoped not-far-distant day, when the platform 
on which the Pyramid stands shall be cleared on all sides, more of these impor- 
tant relics will be foimd. 

X In a letter dated February 22, 1868, Professor C. Piazzi Smyth states to me, 
•* Every single block, of all the hundreds of blocks which I examined of the 
granite part of casing of the Second and Third Pyramids, were so puddingy, 
decayed, and boulder-become near the edges, that no hand-apecimen could have 
been knocked off that would show it had once been a casing stone; while 
with the limestone casing of the Great Pyramid you may find fragments of 
half an in<;h, which will give the casing-stone angle of two meeting planes." 
Sucli facts speak for themselves, and are strikingly significant that the 
(Jrcat Pyramid was intended by its architect (and he endowed with extra- 
onlinary foresight and understanding) to have been handed down through 
ngoB in its original form, and without alteration in its most important angle 
(»f wide. 
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stone fragments * fitted into the model vested in the hands of the Eoyal 
Society of Edinburgh, as exemplifying one feature at least of the modern 
metrical theory of the Great Pyramid. They will then be more inclined 
to believe from that, than mere writing or mathematics appear to 
convince them — that is to say, if such exception-takers be convincible 
at all about anything as definite as fallible humanity can produce it. 

All the facts wliich I have now brought together prove that not a 
shadow of doubt remains as to the reliability of that part of the 
account of Herodotus which is descriptive of the original external 
condition of the structure. 

Tlie Present External State oftiue Great Pyramid,^ 

To make our comparison complete, we must consider the present 
external state of pyramidal structures, for even in this respect it is 
most necessary, in order to draw just inferences, to examine together 
the qualities of workmanship. The present exterior of the Great 
Pyramid now exhibits four stepped fianks, each so-called step forming 
a complete horizontal layer all around, and extending inwards for a 
considerable depth — nay, from the very character of the structure itself, 
there can hardly be a doubt but that each such layer extends completely 
throughout the mass, except, of course, in such places where the 
interior hollow of chambers and passages occur. The masonry of 
which this mass is constituted is of a very high order, the stones being 
all well squared, and built together so as to constitute a complete 
system of break-joint, each stone being thoroughly cemented to its 

* What is thought by some others, at least in Edinburgh, besides Sir J. Y. 
Simpson, may be gathered from the label of the specimen case in the Museum 
of tiie Royal Society. It runs thus : — 

Fragments of the ancient and long 
lost "casing stones" of the Great P)rramid, 

Date 2170 B. C; 

Recovered A. D. 1865, and here compared practically with 
models of the side angles of a theoretical -r Pyramid, 

(The «* quality being believed to be peculiar to the Great Pyramid 
alone, of all the Egyptian, or indeed any other, known and measured 
Pyramidal buildings.) 

See Transactumt of Royal Socuty^ Edinburgh^ Vol. XXIV. /. 385. 

f In all cases where the ancient exterior coating, of whatever material that 
may have been, no longer remains, it is obvious that ''present exterior,'* as 
in the Great Pyramid, really means original interior condition as finished by the 
builders. 
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neighbour; whilst in the locality of the passages they are shaped 
to fit the accurate inner lining there introduced. And how clearly 
does the exposure of this inner and never-intended- to-be- weathered 
mass show the wisdom of the builders in selecting the material of 
the Mokattam hills for the original, and, by them devised, perpetual^ 
exterior ! For although the inner structure has been exposed to the 
effects of rain, sun, and wind for less even than 1,000 years, yet 
these atmospheric changes have so gnawed away and destroyed its 
primitive condition, that in many places great rents are exposed, and 
again under-surfaces laid bare ; whereas the original casing of a 
material not sensibly harder, and which had been exposed on the Pyra- 
mid's sides to all the vicissitudes of climate extending over 3,000 
years, to this day retains a surface nearly untouched — discoloured 
certainly, as a necessary chemical consequence resulting from the 
elements of which the substance is composed, but unaltered in the 
sharpness of angle and outline originally imparted. 

TTie Second Pyramid ofJeezeh, 

Let us then inquire as to the collateral features in the second pyramid 
of Jeezeh. This, the second in importance of pyramidal structures, is 
situated on the same hill of nummuUtic Hmestone whereon the grander 
Pyramid sits, lying in a direction south-west of the latter. There can 
be no doubt about this having been covered partly in a similar manner 
to the Great Pyramid, as a very considerable portion of its topmost 
casing still hangs around, whilst that below is likewise robbed away. 
But this structure never had a complete casing of Mokattam stone, the 
two lowermost courses being of red granite, the huge blocks which 
formed it, when perfect, still remaining — some but slightly disturbed, 
others scattered about on the level plain which had been excavated to 
receive this second pyramid. " The Muslim spoilers of the years 800 
and 900 a. d.," says Piazzi Smyth,* " took the limestone and left the 
granite — just, in fact, as their Muslim successors do now ; for they 
advance not, neither do they change ; and day after day did we see 
camels from neighbouring villages loading up limestone blocks at the 
tombs around the pyramid, and dragging them off, but studiously 
avoiding the intractable granite," — ^proof of this former ruthless theft 
being further extant in the fragmentary bits of the casing stones inter- 
lying the rubbish-heaps accumulated on all sides of its base. In the 
exterior of the two pyramids, then, there formerly existed some simi- 
larity; but the very introduction of the unmeaning granite base- 

• Lift and Work at the Great Pyramid^ voL i., p. 207. 
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courses of the second, distinctly show it to have had no oneness of 
design nor that simple purity of grandeur which attaches to the first. 
This, then, we may consider to be a first point indicative of a difference 
of purpose belonging to the two structures. Besides, how distinctly does 
not the mere introduction of what is certainly the more expensive and 
harder material indicate the ignorance of the builders as to the dura- 
bility of the two substances ! There can be little doubt but that the 
work of the Great Pyramid builder was intended to be handed down 
through ages in as perfect a state as the permanence of mundane 
materials and workmanship would admit; and therefore we should natu- 
rally expect that any man or set of men who had such wish in view 
should at once set about finding out the most likely substance with 
which to achieve their purpose. How perfect the knowledge in this 
point of durabiUty of material must have been either to themselves or 
their leader, whoever that may have been, is apparent to any judge 
who has had the opportunity of examining the present condition of 
what remains of the Great Pyramid casing stones. Here we see 
clearly a mighty intelligence governing the work of the first Pyramid, 
and a wretchedly ignorant half-copyism of that noble work portrayed 
in the second : the first finished with a surface homogeneous, equally 
enduring throughout ; the second finished with a casing partly homo- 
geneous, but the remainder as discordant and equally un enduring, as 
proved by the decay and wasting away of the edges of the granite 
blocks forming the two lower tiers of casing stones, which remain to 
this day ; whereas what is lefb of the upper part of the casing of the 
second structure still holds good its original form, wearing down but 
very slowly, and that without appreciable unevenness throughout. 

But greater proof than what we have yet given shows absolutely 
the entire dissimilarity of the two structures. We had occasion to 
consider the character of the internal structure — that is to say, the 
present exterior of the Great Pyramid Let us now look at that of the 
second ; and what do we find it to be, but a poor, disorderly, altogether 
inferior mass of masons' work P It is described by Colonel Howard 
Yyse as '' being only a kind of gigantic rubble work, so irregularly 
built, that since the removal of the casing, the desert sand and rain 
have penetrated in several places to a considerable distance ; and it is 
owing to this looseness of construction that Signer Belzoni was unable 
to work his way through the stones, which had collapsed in the forced 
entrance, supposed to have been made by the Khaliphs ; and that in 
1837 the Arabs could not be employed in another part of it" But it 
is worthy of remark that this inferior class of work extends to only a 
little above one-half in height of the whole structure, the upper part 
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to which the casing stones still adhere being of a higher orders 
equal (I gather from the accounts of Piazzi Smyth, who appears to be 
the only observer of this distinction) to the inner structure — that is, the 
present external surface of the Great Pyramid. It is most probable 
that he would not have discovered this more so than others, but for 
the recent falling off of a part of the interstitial coating of stonework, 
which exposed to view the inner structure. What greater architectural 
blunder, then, could have been committed than the placing of a 
thoroughly-tied-together breakjoint system of well-squared stone super- 
structure upon such an inferior basement ? Thus far, then, I venture 
to believe I have completely proved, by the evidence of the present 
state of things at Jeezeh, that in the matter of present exterior 
there is no similarity between the great and second pyramids. Let 
us see how the comparison fares with the third. 

Other Pyramidal Structures, 

The third pyramid of Jeezeh is situated, again, to the south-west of 
the great and second, as well are the fourth, fifth, and sixth. There is 
good reason to believe it was built long after the second, and there- 
fore after the first. It was partly cased in granite, only to a much 
greater extent than the second — we learn, for at least half its height — 
and to thb finish it is supposed to have had ascribed to it the name of 
" coloured pyramid." It is considerably smaller than the two others 
which we have considered, being less than half the linear dimensions of 
the Great Pyramid. A great number of these granite casing blocks still 
remain in their original position, but are so much defaced and destroyed 
that they are of no value in enabling any exact determination of the 
original angle of side or exterior linear measures being obtained from 
them. We may pass over the smaller pyramids of Jeezeh, which are 
too insignificant to bear on the present inquiry at all, and have no 
reason to be compared with the Great Pyramid, as to the purpose of 
which this paper is mainly directed to explain. Continuing on about 
12 miles southward of Cairo another group of pyramids— those of 
Sakkarah — make their appearance, being about 4 miles inwards from 
the west bank of the Nile ; most conspicuous amongst which is that 
one which has long been called the " Pyramid of Steps,'* so named 
from its present exterior appearance. The original base length, accord- 
ing to Perring, on the north and south sides, was 4,219 inches, and 4,627 
inches on the east and west, whilst the present vertical height is 2,258 
inches. The sides of this pyramid, too, are very far from being oriented 
as the Great Pyramid's are, the north end of the east side being 
4^ 85' east of true north. The present exterior of this pyramid shows 
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a rather fine class of masonry ; but as to its having ever been eased, 
like the Jeezeh pyramids, I do not possess information, although I 
think it probable that it yjfgiA. As to the other pyramid, of Sakkarah, 
it is only necessary for me to draw attention to the low order of 
masonry which enters into its construction, as shown in the photogpraph, 
to prove that it is no contemporary work, or even approaching the 
high character of the Great Pyramid. 

It is not, however, expedient for me to take up the time of this 
Society by continuing to make comparisons of this sort. I might carry 
them to much greater length ; but I trust that it will be taken for 
granted, since it can be most clearly shown, that not another pyramidal 
structure in the world in any degree approaches the proportions — and I 
do not mean by this, mere linear dimensions — but the proportions of the 
parts, irUer se, that obtains in the Great Pyramid. Long confessed to 
be almost the oldest, Dr. Lepsius, the greatest living hieroglyphic 
authority, has seen reasons for considering the Great Pyramid to be no 
longer " almost " but ahsolvlely the oldest of all the Egyptian pyra- 
mids, and to have been reared up long before history was bom into the 
world. There are other structures in Egypt, such as those of Dashoor, 
Abou-Boash, Meroe, and in other lands, which resemble it in form 
somewhat, but not in symmetry, strength, or vastness. Not the tumuli 
of Asia Minor nor the Tauric Chersonese, as well as the so-called pjrra- 
mids of America — not the tomb of Alyattes, nor the pyramid of Cholula, 
nor those in the Euphratean Valley, — and I will descend lower still to 
Sir James Y. Simpson's ridiculously-brought-up Irish tumuli, watch- 
towers, and defensive works, — are worthy of comparison. 

The toord "Fyramidf' its Derivation amd Meaning, 

Sir James Y. Simpson calls into question the signification of the word 
pyramid, and endeavours to assert that its derivation is from two 
Coptic* words signifying the "king's sepulchre." We will, then, for 

* At the time of writing my paper, that of Sir J. Y. Simpson's, read to the 
Royal Society of Edinburgh on Monday, January 20, 1868, had not been printed 
in full from its author's hands. All that I knew of it was what could be 
gathered from an unusually full report that appeared in the DaXly Beview, 
January 22. I have, since the reading of my paper, obtained that of Sir J. Y. 
Simpson's as printed in the Society's Proceedings; but do not find that I have 
occasion to retract one word of that which I had originally written; on the 
contrary, it is necessary to be even more precise in print than the time allowed 
for reading the paper admitted of. 

In his opening paragraph {Proc, Eoyal Soc, Ed,, VoL VL, No. 75, page 243) 
Sir J. Y. Simpson remarks thus :— " After considering the many proposed deriva- 

Vol. VL— No. 4. t 
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ft momenty go upon the siippoeitkm that this aawmp tion of Sir James't, 
which he haies upon the xothoritr of Baron Banaen^s arch-Bupporier, Dr. 
Birch, is correct; and supposing it is so, we^re eqoallj certain that the 
words themselres were obtained from the older Egrptians amongst whom 
we bdieve some of the meaning of the Great Pjramid was traditionallj 
understood. Bat this does not at all indicate that the signification of 
the ancient word for pjramid had anj reference to a sepulchre of anj 
kind ; and there certainlj exist the grarest reasons, when we conader the 
passion of the Coptic race for a means, as thej snpposed, of presenring 
the sools of their rolers after death in the secorest possible manner, that 
thej should select as their sepolchral model an imitation of the strongest 
and most endoring, as well as gigantic stroctnre, that then existed, or 
that they could derise. Then, what could thej propose to themaelTes 
as more fitting for such purpose than an imitation, as thej supposed 
(without, of course, understanding the real meaning or sjmmetrj), of 
the Great Pjramid P Hence it appears highlj probable that the inter- 

tioDS of the word pjramid, it was pointed oat that the origin of the name 
suggested by the distinguished Egyptologist, Mr. Birch, from two Coptic wovds, 
'po^ro,* *the king,* and ' emahu,' or ' Tnaha,* 'tomb,' the two in combina- 
tion signifying ' the king's tomb,' were probably ccrrtct [the italics are mine]. 
Men, in Coptic, signifies 'moooment,* 'memorial;' and ' pauro-meHj* or 
' king's monnment^' maj possiblj also be the oruptud fonn of the word." 

"Probablj correct" is this inference to Sir James. Let us see if there is not 
some probabilitj of its beiog incorrect One thing is certain, that the absolute root 
of the word is lost ; hence the number of proposed roots for it. Now, it is most 
singular that neither of the Yery learned gentlemen should have sought farther 
back for the root of that word now called ** pjranud,*" than a Coptic origin. And 
it remains yet for Sir James and Dr. Birch to explain what they really impl j by 
** Coptic ; " because b j most persons it is supposed to refer to people of a vastl j later 
daj than those cotemporarj with the Great P3rramid's erection. Modem Coptic 
maj be altered from an older language, but is not the old language understood 
as Mizraitic from Menes downwards. Supposing, then, that the ordinary mean- 
ing of the word is implied, it is equall j singular that Sir James admits (Proc, 
Royal Soc, Ed, VoL VI., page 245) the Great Pyramid to be the oldest building 
in the world, bj his believing in the discoverj of Colonel Howard Vjse, that 
some of "the surfaces of some of the stones were found painted over in red 
ochre, or paint, with mdish hierogljphics — being quarry marks written on the 
stones 4,000 years ago ; and hence, perhaps, forming the oldest preserved writing 
in the world. Among these accidental MeroglypJucs [perhaps the author of this 
sentence will yet explain in what sense they were accidental, when, on his own 
statement, they were 4,000 years old] Mr. Birch discovered two royal ovale — 
viz., Shufu (the Cheops of Herodotus) and Nu-Shufu." Then if Sir J. Y. 
Simpson is content to inquire no further for the origin of the word than the 
date of incoming of what is general! j understood to be the Coptic race, — for, be 
it remembered that» bj assenting to date, he tadtlj admits the Great Pyramid 
to have been built by the pre-Copticor Misndtic nation,~he most forther allow 
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pretation of the original word Bignifying pyramid had to the ancient 
Egyptians — the pre-Coptic race — a far different meaning than a " royal 
sepulchre " and that through the gross degeneration of that people, 
the true signification of the word, and the true meaning of the 
structure itself, were lost ; so that the Great Pyramid being imitated 
by the Copts as a burial-place for a king, they, no longer under- 
standing the meaning of the word, used it to signify the king^s 
sepulchre. The next point that here suggests itself is, whether we 
have any means now extant for ascertaining the original signification 
of the original word for pyramid P 

K the metrical purpose of the building shall yet be fully proved — and 
it must be remembered that scientific men are advanced to a great dis- 
tance in this line of investigation — ^there are very striking reasons for 
applying originally a mathematical meaning to the word. The metrical 
theory shows, from strict and rigidly careful measurement, that the 

that, previous to the Copts, the Pyramid was either a thing not understood, 
and therefore abnost necessarily without a name, or if possessed of a name, 
that name itself signified the structure as a thing not understood; for, if of 
Coptic origin, the Copts themselves must have christened it ''Pyramid." 
What a powerful lever against the entire ''tombic" purpose of the Pyra- 
mid, as pronounced by Sir James, then underlies his entire argument 1 It is, 
however, well to pursue the other proofs against the entire tombic views 
that unavoidably herein grow up, and to state the fact, once for all, that 
long ages before the Copts were, the Pyramid was. In the day of its 
builder, to him at least its exalted purpose and symbolization may have been 
known — perhaps purposes (for the metrical theory does not object to a very 
large amount of sepulture having taken place within it). Still, "tombio" 
purposes do not explain its exquisite structure, its particular and accurately 
defined exterior and interior angles, its chambers resting on definite and un- 
mistakeably numbered courses of the builded mass, nor a host of other 
portentous symbols ; for nowhere else than in Lower Egypt is to be seen the 
pure, simple, and scientific form of a pyramid actual and proper. It tells a 
clear and mathematical story of itself, which never could have been read after 
the day when the nations fell into that degrading, graphic, and idolatrous religion, 
until now, when the western world, to some extent at least, has sought the 
fellowship o^ and learned the lessons taught by seeking after, truth. Modem 
physical and geometric science has been so far developed as to enable some of 
its foremost masters to go forth and examine that mighty mass by the Hgfat 
which has in these latter days been thus afforded. The other so-eslled pyni- 
mids are uninterpretable by it : in them there is no shadow of science to be 
evolved. Truly ** tombic " are they, full of firippery, and alt(>gether the base 
insignia of some of the basest worldlings. 

I may justly add here a most trite and fitting comment that has recently been 
made : — *' Though we who do our duty as well as we can for the Pyramid may 
have our failings and make our mistakes, we are extraordinarily assisted by 
the huge blunders of such opponents." 
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to be bound up in the Great Pyramid, although he has strangely 
attempted to show that the people who were cotemporary with the 
period of its erection were quite well versed in " mining, architecture, 
and astronomy ; and were so advanced, in various parts of the East, 
as to present no obstacle in the way of the erection of such a noble 
mausoleum as the GreaJt Pyramid undoubtedly isV In support of his 
tombic view he quotes the tale of the Arabian historian Ebn Abd 
Al Hokm, who, amongst some of his writings that have been handed 
down to us, says that when, about a thousand years ago, Khaliph Al 
Mamoon, in quest of treasure, tunnelled into the centre of the northern 
face, and by and by got into the king's chamber, " he found towards 
the top of the chamber a hollow stone, in which there was a statue 
like a man, upon whom was a breastplate of gold set with jewels. Upon 
this breastplate was a sword of inestimable price, and at his head a 
carbuncle of the bigness of an ^^'g^ shining like the light of day, and 
upon whom were characters writ with a pen which no man understood 
— a description stating, down to the so-called 'statue,' or painted 
wrapper or cartonage, and the hieroglyphics upon the sere cloth, the 
arrangements now well known to belong to the higher class of 
Egyptian mummies.*' It would be interesting to know if Sir James, 
at the time of reading his paper, was aware of the fact that there are 
several Arabian writers, of the same period as Ebn Abd Al Hokm, who 
make the Great Pyramid a scientific structure ; and show that when 
Al Mamoon broke into the king's chamber, he found nothing but the 
empty stone coffer ; and who, for fear of the attack by his followers upon 
him after so fruitless an end, in quest, as it was thought, of treasure, 
directed his men '' to sink a hole near the end of his excavation," 
wherein he hid a large sum of money, and whioh they at last came 
upon. But out of the many Arab historians who give as many 
different and discordant accounts, Sir James hits upon one who makes 
the pyramid '^ all-sepulchral;" but he did not tell us that there are 
many such Arab writers, each with a different story — many of them 
much nearer to Al Mamoon's age than was Al Hokm ; yet not 
one of them is of the least authority on the originals of the Great 
Pyramid. 

It is therefore necessary, to enable us to draw a fair estimate of the 
value of the author to whom Sir James has so unconditionally confided 
himself, to hear a little of what other writers of his country and about 
his time, as well as before, do really say. Let us then first take the 
account of 

Abou Ma\sher Ja'fer Bex-Mohammed Balkhi, who died 884 a.d., and writes, 
— ''The wise men previous to the flood, foreseeing an impending judgment from 
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heaveOy which would destroy every crested being, bnilt upon the tops of the 
monntains and in Upper Egypt many pyramids of stone, in order to have 8om« 
refiige against the approaching calamity. Two of these buildings exceeded the rest 
in height. Upon the exterior of the building every charm and wonder of physic 
was inscribed in the Mosanuad character, and likewise this declaration : — *I 
have built them, and whoever considers himself powerful, may try to destivy 
them ; let him, however, reflect that to destroy is easier than to build.' " 

Masoudi, 967 A.D., says that Surid Ben-Shaluk Ben-Sermuni Ben-Sennidnn 
Ben Sedresuu Ben-Sal, one of the kings of Egypt before the flood, built the two 
Great Pyramids (the Great Pyramid and second pyramid of Jeezeh). In the 
eastern Pyramid (or Great Pyramid) were inscribed the heavenly spheres^ and 
figures representing the stars and planets in the form in which they were 
worshipped. 

The king also deposited the instruments and the thuribula with which his fore- 
fathers had sacrificed to the stars, and also their writings, likewise the pofldtkns 
of the stars, and their circles, together with the history and chronicles of time 
past, of that which is to come, and of every fature event which would take 
place in Egypt. He placed there also coloured basins (for lustration and 
sacrificial purposes), with pure water and other matters.* 

Says that Khaleef Haroun Raschid [others say, Al Mamoon] made a chann 
in the Great Pyramid by means of fire, vinegar, iron instruments, and battering- 
engines; and having penetrated 20 cubits, he found a vessel filled with a 
thousand coins of the finest gold, each a dinar in weight; and the whols 
amounting to excLcUy the expense he had been at in excavating, he wondered 
thereat exceedingly. 

AbouAbd Allah Mohammed Ben Abdurakim Alkasi, died about 1187 
A.D., says that " Al Mamoon opened the Great Pyramid, (820 A.D.) 

*' The author entered it and found a square chamber with a covered roo( and 
in it a well 10 cubits deep ; whence at each angle doors opened into large apart- 
ments in which bodies had been deposited enveloped with many wrappers that 
had become black through length of time. 

'* He was informed that those who went there with Ehaliph Al Mamoon came 
to a small passage containing the image of a man in green stone, and that when 
it was opened a human body was discovered in golden armour, decorated with 
precious stones : in his hand was a sword of inestimable value, and above his 
head a ruby the size of an egg, which shone like fire.'' 

Abd Allatif, 1200 A.D., says, — *'Many of my companions entered the 
opening into the Great Pyramid made by Khaliph Al Mamoon, and went up into 
the chamber constructed in the top of the Pyramid. Upon their return, they 
related the wonderful things they had seen, and that in the up|)er part weze 
openings and windows which appear to have been made to admit air and light. 
When I again visited the pyramids I entered the passage with several people^ 
but having penetrated about two-thirds into the interior, and having through 
fear completely lost my senses, I returned half dead. 

''These pyramids are built of great stones about 10 to 20 cubits in length, 

♦ In a footnote {Pyramids of Okeh, Colonel Howard Vyse, vol. ii, page 326), 
Dr. Sprenger, who had translated the Arabian account, makes the following 
significant comment, "Every writer, indeed, seems to have enumerated as 
many marvellous things as his imagination could suggest." 
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and covered with ancient inacriptiona in a language now unintelligible, as 
many inscriptions as would occupy 10,000 pages.*' 

Jemal ED DIN Mohammed al Watwati al Kanini al Watwati, 1340 
A.D., states that "to the Great Pyramid there are seven entrances, each com- 
posed of one stone, and closed by one lock with such exactness that they 
cannot be forced open; that there are seven chambers dedicated to the seven 
planets, and in every chamber an idol of gold, with one hand upon the mouth, 
and with an inscription in Sind upon the forehead; that upon reading the 
inscription the idol opens its mouth and discloses a key which admits to 
various apartments." 

Ebn Abd Al Hokm, about 1438 A.D., repeats much of what Abou Abd Allah 
Mohammed Ben Abdurakim Alkasi said in 1187 A.D. about what he was 
told Al Mamoon did in 820 A.D. Considers that the pyramids were built by 
Sheddad Ben-Ad before the flood. 

Shshab Eddin Ahmed Ben Yahta, 1371 A.D., states, — ''The Great 
Pyramid was opened by Al Mamoon, but nothing was discovered as to the 
motive or time of its construction. Each of the pyramids was consecrated to 
a star. 

"The Sabsans performed regular pilgrimages to the great one, and also 
visited the others, which were less perfect. 

" Every pjrramid presents the form of a lantern. It begins at its base as an 
equilateral triangle, which diminishes as it rises, so that it is surrounded by 
equilateral sides. This form indicates that it was sacred to a star." 

The foregoing are a few samples, out of a great many more which 
are too numerous to cite, of the Arab authorities for the Pyramid ; 
and out of whom Sir J. Y. Simpson has> for what reason we fail to see, 
selected and placed positive dependence upon, that one man in particu- 
lar, who lived no less than 618 years after Al Mamoon forced his way. 
It is really idle to comment further upon the unfaimessi nay, the 
absurdity, of the unlimited license which has been taken in making 
such a selection.* 

* Whether Sir J. Y. Simpson had heard of my comments placed before the 
Glasgow Philosophical Society, concerning his choice of an authority (and which 
took place before the issue of that Number of the Royal Soci6t3^s Proeeedinfft 
which contained his paper) I know not, but there is reason to believe that he felt 
subsequent misgivings on this point, for at page 253 he endeavours to increase 
his stability by saying, in a footnote, that " It may be remarked," observes 
Colonel Vyse, ** that the Arabian authors have given the same accounts of the 
pyramids, with little or no variation, for above a thousand years" {Pyramids of 
Jeezeh, VoL IL, page 328). Now, I beg to declare that Colonel Howard Vyse 
has never used any such words, either in the pag^ quoted or anywhere else 
in the whole of his three volumes that I have been able to discover. The 
sentiment there expressed is, indeed, anything but his; for at page 179, 
Vol. II., he says, '*The extreme antiquity of these remarkaUe monuments is 
evident from the uncertainty that attends their origin, and also from, the 
fatbulaus accounts given of them by Eastern writers, in which ignorance and 
superstition have so completely disguised tradition and facts^ that it is soarcely 
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Sib Gakdxer Wilkiksox, in Murray's Handbook to Egypt, says, — "Tha 
authority of Arab writers is not always to be tmsted; and it may be 
doubted whether the body of the king was really deposited in the saicophagua 
(of the Great Pyramid)." 

HappQj, too, the metrical theory depends, as it was lately well erpressed 
to me, '' on no follower of a false prophet, or upon anything written bj 
such deluded men 3,000 years and more after the Pyramid was bmlt." 

But suppose we give full weight to the tale on which ^ar James 
builds his attack, and admit that the Pyramid was used as a tomb, and 
it does seem extremely probable that those builders of the later tombio 
pyramids, the second, third, and so on, as well as those of Dashoor, 
Sakkarah, and elsewhere along the Egyptian valley, knew the maimer of 
opening and closing of, and therefore the entrance into, the Great 
Pyramid — if they did not, it is difficult, seeing that they attempted 
to copy it in some other to them appropriate respects, in their 
tombic pyramids, to show for what reason they adopted a similar 
means of entrance into, and similar means of closing the passage 
leading to, their lower or sepiilchral chambers. There can hardly 
exist any doubt but that the builders of some at least of the 

possible to ascertain the foundations upon which they rest;^* and he sums up 
at page 366, VoL II., thus, — ^'Indeed, the only fact which seems to be establUhed 
by tfie Eastern authors is the opening of tJie Great Pyramid by Al Mamoom^ 
and even of that no distinct or rational account exists.^* 

The quotation which Sir J. Y. Simpson has given is from a footnote to Maaondi, 
and with Dr. Sprenger's name attached to it. Masoudi lived about 130 years 
after Al Mamoon; yet Sir James uses it without even mentioning his name 
in connection with the Pyramid, or even mentioning the account of any otb^ 
person, of finding a body like that described by £bn Abd Al Hokm. Maaoiidi, 
indeed, gives one of the fullest accounts of any as to the scientific, astrological, 
medicinal, and cabalistic (with a very small proportionate amount of burying) 
nature of the pyramids and their fittings, and it is to that Dr. Sprenger is 
alluding, as what the Arabs have uniformly stated for 1,000 years; what tbey 
received from the Copts, and they again from the earlier Egyptians. It would 
have been as well had Sir James quoted the whole sentence. Indeed, it is 
notoriously clear that the forgoing is the view Dr. Sprenger is considering, finom 
his footnote at page 326, Colonel Vyse, VoL II., and quoted above at page IS. 

At a meeting of the Boyal Society of Edinburgh, held April 21, an occasion 
when Professor Smyth alluded to the unwarrantable nature of Sir James 
Simpson's attack, the latter read an extract from a letter of Dr. Birch, pur- 
porting to give his opinion that Al Hokm died within thirty years of Al 
Mamoon. It is only right that Sir James should let the public generally know 
what Dr. Birch really did write, also when he wrote it. Even then it does not 
clear Sir James, because he quotes Al Hokm from Vyse and Sprenger, who 
certainly believed him to have been 600 years after Al Mamoon, and this report 
of a private letter is not of itself sufficient to overthrow the universally 
admitted authority of Vyse and Sprenger. 
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later pyramids were fully well aware of how to get into the first. 
We know, at least, the probabilities are very great that the pyramids 
had been opened before the time of the Arabs ; and from Sir Gardner 
Wilkinson — a most safe authority — in his Handbook to Egypt, we learn, 
as further tending to confirm such belief, ^' that the Egyptians them- 
selves had, in many instances, plundered the tombs of Thebes, and 
closed them up again." 

In the large folio usually termed Perrin^a Plates of the Pyra- 
mids, but got up and annotated really by Colonel Howard Vyse, the 
latter has clearly shown that he believes the pyramids were entered 
forcibly, but by the regular entrance passages, by the Egyptians, ages 
before the Arabs. 

At page 2 of the second part of the above-mentioned work, it is 
remarked, — 

"By whom the pyramids were first broken into will probably never be 
revealed ; bnt as they were apparently entered by the regular passages, their 
interior constmction must have been at that time known. It appears, likewise, 
that the Mahometan CaUphs, who, according to Arabian historians, made the 
forced passages, must have possessed, either by tradition or otherwise, some 
information respecting them." 

It will no doubt be universally admitted that, in regard to facts 
concerning Egyptian pyramids which are of that nature, the more 
generally observed and sought afber, and the deductions capable of 
being inferred therefrom, there never lived a man whose opinions are 
entitled to more respect than those of Colonel Howard Yyse. Un- 
fortunate is it that he should not have been until the present time 
spared amongst us; for we may be sure that none more so than such 
an earnest investigator as he would have readily brought valuable 
aid in eking out the whole that yet underlies his own magnificent 
labours. 

The breaking-in of the Egyptians mentioned in the sentence above- 
quoted was probably about 600 years B.O., — and, let it not be forgotten, 
by Egyptians of a totally different faith to those of the Great Pyramid 
day; and such having happened unquestionably destroys any signifi- 
cance that may, on a prima fade view, be attachable to Al Hokm's 
report of Al Mamoon finding a body in the coffer of the King's chamber, 
supposing for the moment that he even did find it.* 

Thus there indeed appears to be much strong evidence that these 
later pyramid builders, or some other people, operated in a very 

■ The reader shonld refer back to the quotations from Arab authors, and my 
comments thereon, at pages 18, 19, 20, and 21 ; also to the significant words of Sir 
Gardner Wilkinson, quoted at page 21. 
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sepnlclinl way in the Great Pyramid; for we find the enirance- 
passage of the Great Pyramid continued heyond the point where it 
unites with the lower mouth of the well, and so far as we can learn, 
at the same angle as the upper part, hut abruptly terminating in a 
very large, roughly hewn, and unfinished chamber, generally known as 
the ''subterranean chamber." Now, it has occurred to me that the 
existence of this unfinished chamber is of itself evidence, by its very 
character, of not being the work of the builders of the Great Pyramid 
{one of whose chief distinctions^ everyvoiliere in that structure so plainly 
marked^ is the exquisite finish of their toork, which obtains in no other 
known pyramidal building), but that of a later, and inferior, and roder 
race of men, who knew nothing of the high character or peculiar upper 
chambers of the Pyramid, but who pulled out the closing stones of the 
entrance-passage, and finding it abruptly ending at the point where it 
meets the well, as the hole is called through which the architectB 
esci^>ed, after lowering the portcullis and the closing stones of the 
ascending passage; being confounded, ignorant of, and unable to 
conceive at the real meaning of this order of things, it occurred to 
them that the Pyramid woiild make, according to their base and desp- 
cable creed, a splendid royal tomb— so they continued the excavation 
in the line of the entrance-passage, imtil, comiug under the centre of 
the building, they there commenced enlarging it into a chamber for 
royal burial. But the very fact that this chamber exists in such an 
unfinished state shows that these people were, by some cause, stopped 
short in their work, — very probably by finding out the bottom of the 
well, and by ascending which they reached the now-called King's 
chamber. This does, I think, appear extremely probable, and that 
these depredators, thus finding their way into the upper magnificent 
chamber, and seeing only the lidless stone coffer in it, thought to 
themselves, ''Here is a fit sarcophagus and burial chamber indeed!" 
All this, no doubt, happened after the building of royal sepulchral 
pyramids had been begun in Egypt, for there is a striking analogy 
existing between the subterranean chamber of the Great Pyramid, and 
the subterranean, that is to say, tombic, chambers, which are the only 
chambers belonging to all the other pyramids which have been examined. 
There is part of an unfinished passage leading away from this subter- 
ranean chamber of the Great Pyramid, and we find similar passages 
leading to secondary chambers in those of the later pyramids, such as 
the second, as well as in the pyramid of Steps at Sakkarah. 

The Coffer. 
To advance beyond the mere speculation of probabilities, there exist 
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far more cogent reasons for vindicating the correctness of the view 
which I have attempted to throw out — namely, the facts concerning 
the dimensions of the colfer in the King's chamber of the Great Pyra- 
mid ; which some men have tried to show is merely a sarcophagus, and 
lastly, Sir James Y. Simpson declares it — although without showing one 
scrap of real evidence in favour of his view — no other than '* an old, 
and somewhat misshapen, stone coffin." 

We will now examine our facts, and see if they do in the least bear 
out Sir James's dogma. In the first place, then, this coffer is consider- 
ably larger inside than any other known Egyptian sarcophagus; its pro« 
portions are quite unique, the mean capacity of its hollow, as shown by 
four different modes of determining it, being 71,250 inches, whilst that 
of the sarcophagus in the second pyramid is only 66,410, or, according 
to Howard Yyse's numbers, 64,554; that of the third pyramid being 
still less, namely, 46,219; that of a large tomb near the Great Pyramid 
being 51,117; that of the fourth pyramid being 29,610; and the fifth, 
39,775 cubic inches ; and others are still smaller. The distribution 
of this superior capacity is still more peculiar in the coffer; for although 
it may have what might be termed a fair sarcophagus length and 
breadth, yet it has depth altogether unusual, extravagant, and useless 
for burying a man in, — a depth also which would prevent the decent 
and supposed usual arrangement of the sarcophagus being taken to its 
place of final rest with its lid cemented and fixed on, as with coffins in 
the present day being conveyed from the house of the deceased to his 
grave. 

Quite recently only has it been discovered, or at least recorded as 
a notable fact, that the coffer in the King's chamber had one most 
necessary character of an Egyptian sarcophagus belonging to the 
pyramid -building periods; and even this feature, wtiich at first sight 
seems altogether for burial, and against a metrical theory, loses 
its force upon a closer and accurate examination. Before we can 
proceed to test this division of our inquiry, it is important for 
us to understand the manner of fixing the lids of Egyptian sar- 
cophagi which belong to the Memphitic period. Thus, — one of the 
longitudinal top edges is quite cut away to a depth of from 1 to 2 
inches, as shown in the drawings of sarcophagus of second pyramid, 
Plate I. ; and at either end from this, two dovetail grooves are cut, with 
the top edge hanging over towards the centre of the sarcophagus, 
reaching from the lowered longitudinal edge to the opposite longi- 
tudinal edge, which is cut out in the same manner as the two sides. 
In this way a lid made to fit the grooves could be slid into place across 
the lowered longitudinal side, and when in place was quite firm, being 
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preTented from being drawn back by certain drop pins which were 
fixed into blind holes on the under surface of the Hd, and when pushed 
home the pins fell down a short distance, entering corresponding holes 
of sufficient depth in the lowered side of the sarcophagus. The lid 
itself is always very thick and strong. The question then arises. Does 
such an arrangement present itself in the coffer of the King's chamber 
in the Great Pyramid ? I answer certainly not ; for there never has 
been found, neither has any one — not even Sir James Y. Simpson's (to 
him infallible) author, £bn Abd Al Hokm — ever seen or heard of a lid 
belonging to the coffer. All writers have concurred in that one report, 
that the only thing contained in the chamber was the empty vessel, 
termed variously by them as a '^ hollow stone,*" '^ granite chest," ^'lidless 
box," '' porphyry vase," and so on. But upon a little closer examina- 
tion than appears to have been usual with other examiners, it has lately 
been found * that this coffer is lowered on its west side by the depth of 
1*72 inches, and that from this depression ledges proceed of equal depth 
along the northern and southern ends, joined again by a ledge of equal 
depth at the east longitudinal edge. Now this, at a prima facie view, 
is a very sarcophagus-looking feature indeed, and, if examined no further, 
would, with some minds, completely upset the belief in the coffer being a 
metrical vesseL Yet of what nature are these ledges or grooves ? — 
not dovetailed, be it remembered, as in the sarcophagus of the second 
pyramid and elsewhere, and by which shape, or some slight modification 
of it, alone could the lid be retained in place at all ! ! but these recesses 
or ledges are rectangular ; that is to say, the base is a horizontal plane 
and the sides are vertical, as shown in the drawings of the coffer, Plate 
III., the grooves being marked a, a, at figs. 3 and 4; for although 
the coffer is miserably chipped away and disfigured (see drawings of its 
present state, Plate III.)) still quite enough of these gprooves remain to 
show that they never were dovetailed, but rectangular, and therefore not 
"retaining gprooves" in any respect whatever, not being capable of 
affording the least security in the way of holding a lid. But some will 
ask, then. How came these grooves here, and the holes for the drop-pins 
along the lowered western edge ? I have before shown my reasons, based 
upon the imfinished state of the subterranean chamber, as affording 
strong grounds for believing that such chamber is not the work of the 
builders of the Great Pyramid, but that of some after race in the days 
of Egypt's degeneracy, who, not knowing the real purpose of the 

* By Piazzi Smyth, Life and Work, Vol. I., pages 84 to 90; also Vol. IL, 
pages 115 to 117; and VoL III., pages 147 to 150. A slight notice of the 
coffer^B ledge, but very erroneous, is foimd in Perring'a PlcUes of the Pyram\d*t 
above-mentioned. 



Mr. St. J. V. Day, C.R, on the Great Pyramid, 277 

Pyramid, set working to excavate a chamber for a royal sepulchre. 
Now, the very fact of the coffer presenting the appearance I have 
mentioned strongly tends to indicate that these men had found out an 
entrance by the well to the King's chamber ; and seeing the then perfect 
stone coffer there, determined to use it as a royal sarcophagus, as proof 
of which, these heguriy but unfinished and improperly-shaped grooves. 
Then, further examination shows that they were either forced to stop 
this converting the coffer to such use, or, what is more probable, they 
found impossibilities in the way of using it, on account of its mere size, 
and mainly its extravagant height, which would not have allowed 
them to take it through a doorway, or down a passage, with a 
lid on. 

The mean of several measurements of the height of the coffer, and 
making all corrections for probable extremely small amounts of error, 
b 41*17 inches outside, the maximum being 41*3 inches; and the mean 
height of doorway to the King's chamber is only 42 inches. Now, in 
this case we find that the difference in mean height between the coffer 
and doorway is but 0*83 inches ; this, added to the depression of the 
western side and ledge, would give a lid of only 2*55 inches thick, which 
is simply ridiculously out of proportion when compared with the mean 
thickness of the coffer's sides, of 5*99 inches, or within t jsth of 6 whole 
inches, and a thickness of bottom of 6*92 inches or nearly 7 inches. If 
we examine the dimensions of the sarcophagus of the second pyramid, 
we find the lid to be 8*2 inches thick to the part cut out, and 9*8 inches 
elsewhere, whilst the mean thickness of the longitudinal sides is 7*6 
inches, and that of the ends 9*35 inches, showing the lid thus to be 
much thicker — in fact, the heaviest part of the sarcophagus. Can there 
be any reason assigned — supposing the coffer for the moment a mere 
'^ coffin" — why such a weak and easily-broken-into lid should be used in 
the strongest, grandest, and noblest Pyramid too ? Besides, mere heavi- 
ness of this very part was one of the chief elements of its security. To 
have used the coffer as a sarcophagus, we must allow it a lid at least 
as thick as that in the second pyramid, in which case its height with 
the lid in place becomes 49*37 inches, or indeed 7*37 inches, that is, 
close upon 8 whole inches, higher than the doorway entrance to the 
King^s chamber. This, in a very simple way, shows that the coffer — no 
matter for what purpose intended, as a capacity measure, or some 
other thing — could never have been used as a good sarcophagus, 
according to the believed ordinary mode of fastening on the cover before 
entering the royal tomb. Then some modem architect or clever 
worker in stone will say. Surely those who attempted to convert the 
coffer for burial purposes could as easily have cut away the under side 
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of the granite stone forming the roof of the doorway ? This, at fint 
sight, is a very feasihle suggestion, and there are some indications 
that they thought the same, for we find at the entrance end of the 
doorway the granite roof stone cut away roughly for nearly 2 feet in- 
wards, in the direction of the chamher, so that either it was found too 
difficult to cut away such stone, firmly fixed as it was, while the 
workmen had hut such a confined space to work in, — and that, too, oTer 
a length of ahout 101 inches ; or, what is more prohahle, that whilst 
this violation of the Pyramid was going on, some of those rast 
political changes between North and South populations and religiona 
to which Egypt was subject took place, and so the spoiling was happily 
stopped ; and we modems — nevertheless the present ruinous condi- 
tion — by the aid of modem science, have been enabled to rerive 
the conception of what the Pyramid was, these spoilers not having 
been permitted to sweep the characters of the coffer and its original 
state quite out of the range of recognition. Again, there is another 
proof that the coffer is no pure sarcophagus, as the sarcophagi 
of the other pyramids and tombs are either sunk in the floor, with the 
upper surface of the lid a Uttle above the floor surface, or, on the 
other hand, placed standing on the floor of a avhterranean chamber; 
but here we see the coffer of the Great Pyramid never was sunk at all, 
but has always been standing upon a beautiful level floor of a most 
stately finished and upraised room, of truly cut and finely polished 
granite, moveable about on such floor, but to this day scarcely shifted, 
in all probability, from its first-placed site. 

Against the question of the capability of removing the coffer 
with a lid on, out of or into the Pyramid, structural proofs are 
abundant that, in the case of the Second Pyramid, the sarcophagus 
found there could never have been used in the believed ordinary 
manner of burying a Pyramid King. I am for the moment supposing 
the sarcophagus in Belzoni's chamber to be that in which royal inter- 
ment did, or was intended to, take place. The proofs which exist that 
it never could have been so used are its own dimensions, and those of 
the entrance-passage, which show that, with the lid on, that sarco- 
phagus never could have passed up or down that passage, because the 
passage's mean breadth is 41*65 inches, whereas the mean breadth of 
the sarcophagus is 41*8 inches, or 015 inches broader than the 
passage itself. The mean height of the entrance-passage, perpendicular 
to its plane of inclination, is 47*3 inches; but the coffer with the lid 
on is 46*2 inches high. These dimensions assert that if Nu-Shufu or 
any other ever was buried in this sarcophagus, he never could have 
been, according to what is usually accepted as having been the pyramid 
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burial practice. Yet there is a way in which this sarcophagoB would 
go down the passage — and the only way — namely, with the lid off, 
and turned over on its side, in which position there would be (47*3 — 
41*8 =) 5*5 inches of space between the sarcophagus and the passage 
roof, and (41*7 — 380 =) 3*7 inches to spare between the sarcophagus 
and passage sides. 

At first sight all this looks ugly, and disbelievers will exclaim, " Here 
'^ is proof unmistakeable that the king's body was taken into the Pyra- 
'' mid in his shroud, his mummy exposed to the vile gaze of the enslaved 
" multitude of subjects. Such being the case, why need we concern 
'' ourselves further about the question of capability of bringing the 
'* coffer out of or getting it into the Great Pyramid and King's chamber, 
'^ when by this evidence it is certain that Cheops's body would and 
^' must have been similarly carried into the Great Pyramid P " Since 
opponents pretend to so much faith in historical accounts, let us see 
what history does say on this head of burial. And she asserts this, 
that in the case of the Second Pyramid, there is entire silence about 
any man's body ever having been buried therein, and there is no 
account of any ever having been found therein. History is equally silent, 
in any way that can in the least be trusted, about any man's body ever 
having been foimd, as placed by the original builders, in the Great 
Pyramid. Indeed, several of the earliest and most reliable writers 
state — amongst them Diodorus Sioulus — that "it happened neither 
of the kings who constructed them was buried in them; for the 
multitude, enraged at the sufferings endured in the building them, and 
at the many cruel and violent acts of the kings, threatened to pull 
their bodies in pieces, and tear them insultingly from the tomb." 

With regard to the Great Pyramid, Herodotus does teU us (he, 
too, of earlier date than Siculus) that Cheops's body lies deep down in 
a subterranean island, surrounded by Nile water (led thereto by a 
tunnel from the river) ; and there have recently been discovered certain 
special lines in the entrance-passage of the Pyramid which seem to 
point, amongst other things, to the spot where that tomb shall yet be 
found. Besides, what ground have we to think for a moment that, even 
if the enslaved populace did employ such a threat, they could carry 
it into effect ? — as we know Nu-Shufu lived and reigned after his elder 
brother ; so that, whether the two were co-regent or not. Colonel Vyse 
has acutely remarked, " If Cheops reigned fifty years, and had suflBcient 
power to construct the Great Pyramid, it can scarcely be supposed that 
his body was not deposited within it, particularly as his successor is 
said to have reigned fifty years, and to have erected a similar tomb for 
himself, which he would scarcely have done had his predecessor's tomb 
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been violated, or any doubt existed of tbe security of his own.*' So 
that whether we trust the account of Siculus or that of Herodotus 
(and there can be no question about preferring either of them to £bn 
Abd Al Hokm or any of his deluded countrymen), in either case we 
are equally sure, on the highest historical ground, that the coffer was 
not originally used as a sarcophagus for Cheops. 

Discoveries in the Third Pyramid, however, have shed new light on 
the Great Pyramid; indeed, when rightly looked at, the more we 
examine it and others, so much the more do its exalted character and 
distinction grow up. 

Turning then to the Third Pyramid : history does unmistakeably 
assert that a royal burial did therein take place, — and fragments of the 
very mummy case (an internal wooden box), with the very name 
declared by history found inscribed on it, as well as the regular burial 
sarcophagus (Plate IV.) — a grand affair of blue basalt, richly, deeply, and 
intricately carved in imitation of an Egyptian temple — in which said 
mummy was contained — ^yea, some say the very bones of Mycerinns ♦ 
*-have been found, and now lie in omr own British Museum ! Bat that 
sarcophagus is a very different thing from the coffer in the Great, and 
the stone box in the Second, Pyramid; a thing of dimensions more 
nearly proportioned to the size of a man; a thing capable of easily, 
and with its lid on and fixed fast, passing up or down the entrance- 
passage; ahke in finish and other respects to some of the regular 
ornamental tomb sarcophagi; and placed, too, in a far-off, secret, low- 
down, closed-up, hidden, and little-to-be~suspected chamber — a chamber 
such as never has been found in the Second or Great Pyramid. And 
all the while this Third Pyramid, until the discovery of the real tomb, 
was notably similar to the Second Pyramid, in that its principal apart- 
ment contains a sarcophagus-hoUow in the floor, similarly situated, and 
capable of receiving a stone box, firmly cemented into it, as in the 
second. Mr. Perring believed that in the Second Pyramid, if ever royal 

* Some my the bones of Mycerinns, and are still maintaining it in print. But 
the bones in question were wrapped np in garments of wool — a religiously 
unclean material in Egypt, and never on any account used by them for swathing 
an embalmed body, where they always employed linen. But Arabs use wool, 
and said remains are rather considered to belong to an Arab workman under 
the Khaliphs, when they broke open that pyramid about 800 years ago. The 
body of Myccrinus was most probably found reduced to black dust, of which 
there was much inside the coffer — that being the usuxd result of the embalming 
by apices practised in the Old Empire of Egypt, according to William Osbum. 
It was only in the so-called New Empire of Thebes that the preservative 
powers of African NcUron were discovered, and gave their mummies from that 
time forward a permanence they never had before. 
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burial did take place therein, that neither the chamber wifchin which 
that took place, nor the real royal sarcophagus, had been found. It 
is still a virgin discovery for whoever shall make it: and whilst we 
do know, on the best evidence, that the completest security of the 
body afber death was the thing aimed at by the Egyptians, it really is 
hardly for a moment to be supposed that the royal mummy should 
have been deposited in a sarcophagus staring unmistakeably apparent 
in the floor of the flrst-reached apartment as you arrive straight 
thereto from the entrance-passage, — seeing, too, that the entrance to 
this pyramid appears to have been a thing well understood in Egypt. 
Besides, history tells us further that " the body of an inferior person 
'' was often placed in the ostensible sepulchre, to prevent any further 
" inquiry after the principal tomb — as in the tomb of Amasis." This 
arrangement evidently was intended to have been carried out, and not 
unlikely may have been carried out, in the Third Pyramid ; because 
there the real sarcophagus was discovered and brought out of the 
real sepulchral chamber — a smaller stone box and more ornamented 
than the coffer in the Great, and sarcophagus of the Second, Pyramid — 
whereas in the chamber which is first entered, and which so well 
corresponds to the principal known apartment of the Second Pyramid, 
there exists in the floor of that chamber a hollow to receive a sarco- 
phagus, nearly of equal dimensions to that in the Second Pyramid. In 
the case, then, of the Third Pyramid, we find by our own comparatively 
modem discoveries that secular history is to be trusted ; for the very 
contents which that history described as enclosed therein we have found 
contained in it. On this view, then, we must learn to show some 
respect to what the same writer tells us of burial practices, and in 
what way burial, if it ever did take place, was carried out in the 
two other principal pyramids; and I need not repeat what he says 
as to them. 

Secular history, indeed, as well as the facts, are entirely against the 
alleged wholly tombic character of the cofler ; and in this Third Pyramid 
we do find that the burial could have taken place by landing the sarco- 
phagus easily down the entrance-passage into its far-ofi^, secret, and 
di£B cult-to-find chamber; wherein, when landed, it was afterwards 
made as secure as possible by ramps and blocks laid upon them in the 
passage leading thereto, and which Colonel Howard Vyse took out to 
bring the sarcophagus out of the pyramid. 

£ut, then, modem science can well aflbrd to make a present to the 
disbelievers — the so-called " advanced thinkers " of the present day — of 
all that secular history says ; and she can also aflbrd to let such ignorers 
of truth bring up all they can find in history, or by other appeal 
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that racli men can make to anj of their oncleSy vlule she alone appliea 
herself— to what r — the facte; vhen, k>, the wondroaa tale she unfolds ! 
and exhilits bersdf as that which she ts, and must, in that day when 
the chafTshall be separated from the wheat, pfore to be — the hand-maid of 
sacred historj — the ooDfirmer and expounder of moch Scriptural truth. 
The da J ineritablj will come when both shall be found to agree; and 
nerer hare the two made such approach before as of late, when the 
most apt masters of science hare applied it to that " sign and wonder 
in the land of Egjpt" — until now, to mankind a thing not nndentood, 
trulj a stumbling-block to those who will not listen to its own por- 
tentous unfoldings — ^to those men who, despising sacred histoij, 
pretend to dictate what thej consider "the reasons which experi- 
ence and so-called judgment teaches," and who actuaDj presume to 
define what ought to be the contents of the sacred volume of Inspira- 
tioo — according to their ideas of what the Dirine Spirit ought to do; 
and who, on reading, desire to be addressed with, not '' What readeat 
thou?" but "What thinkest thou?" 

In all humbleness, we ask these men to applj science to the 
second, or third, or fourth, or anj other of the things they call, 
pyramids, whether in Egjpt, Ethiopia, America, or Ireland, perhaps 
Great Britain, or elsewhere, and let them show us in any one of them 
even a very rough approximation to an important mathematical 
quantity being involTed. This they cannot da And let Sir James Y. 
Simpson, or any of his school, explain in any other way they can the 
meaning of the special lines and angles of the Great Pyramid ; let him 
show us what purpose the two masonry tubes leading from the King's 
chamber, if not for ventilation, were to serve ; let him tell us, too, why 
that chamber is situated in the fiftieth course of masonry, except for 
again indicating an unquestionable symbolic number in the Pyramid, 
so ofb repeated; then let him show why that despised vessel is so 
formed of unmistakeable proportions — ^these proportions indicating, 
amongst other things, the close approach to exactness made by man's 
recent researches into one of the most remarkable quantities in the 
whole range of physics; and let him point out any other means which will 
indicate so correctly the true distance of the earth from the sun, as the 
Pyramid's height does. If Sir James would apply himself to the real 
facts, he could then see the poverty and smallness of his attempt, for 
which he could never then have had occasion, to divide a great 
cosinical standard by the unit best known in his own lang^ge, as the 
" brim of his own hat." 

It is, however, mere waste of time to continue in this strain, for the 
whole answer to the coffer difHculty, as it was formerly expressed in 
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regard to the whole Pyramid, is, that it tells a clear and mathematical 
story for itself, which a vessel of no other dimensions or proportions 
could, and we are contented to stand our ground until the time when 
the other Great Pyramid symbols, which have of late been so largely 
developed, shall all unite in forming that /' circle of science " which in 
it is undoubtedly bound up. 

To take another view, the question arises — Does the coffer contain 
any proofs of definite metrical design P Of itself it answers, Yes, 
unhesitatingly! Although Sir James declares that because it has 
turned out to be a vessel not truly rectangular in form— simply because 
it is not, as he terms it, ** of pure mathematical form '* — he makes off 
to the conclusion, that its sole end and aim was a coffin, and nothing 
but a coffin, for the dead body of a man. Did he, however, ever 
attempt to inquire whether its apparent irregularities are not really 
adjustTnerUs offigwre, made purposely — designedly made — to cause that 
vessel to conform to its constructor's intended metrical ends ? What 
then if we prove by actual measurements that the alleged irregularities 
are positively no other than such adjustments ; also, if we show, out of 
a certain set of these roughly handled irregularities, that they were so 
made to typify one of the grand mathematical features represented by 
the linear dimensions of the whole Pyramid P But this you cannot do, 
says the scoffer at realities ! 

Restoring the coffer to its original finished state, we find, by four 
different modes of determining the capacity, that the mean comes out 
71,250 cubic inches almost exactly* — this round number being exactly 
that which theory indicates, and founded upon a most important 
element of our cosmical system. Then this is twice repeated, because 
it has been again found, by reducing the apparent irregularities of 



Mean Dimensions of the Coffer of the Great Pyramid, ik Pyramid 
Inches (the ledge and breakages being eliminated). 



1. 
2. 

3. 



Length. Breadth. Depth. 



Inside, . 

Outside, 

^ Floor, . 
1 Sides, . 

( Inside 
< by a 2nd 
( method. 



77-85 26-70 
89-62 38-61 
89*62 X 38-61 



34-31 

41 13 

X 6-866 



Product — = 
Product -^ 2 = 
= 23758) 



CaUoGon- 

toitiinCublo 

Pyr.IndxetL 

71 317 

71 160 

71 266 



2(89-62 + 26-70) x 34*31 x 5-922 = 47508) 

77-85 X 26-70 x 34-282 

Mean = 71 250 



= 71 258 



N.B.— The thicknesses are obtained partly from direct measures thereoi^ in 
Lift and Work, and i>artly by difference of the inside and outside measures 
given above. 
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figure io their mean, that the maBs of material conatitiiting the origina] 
ooffer^B rides and hottom is also 71,250 cuhic inches nearij; that is 
to say, the solid hlock of granite which would fill the coflfer^s capacity 
of hollow is of equal weight to the quantity of material forming the 
rides, ends, and hottom together. This, however, the dishelierera call 
^< an accident," and they say that the coffer ought to have been made 
of equal length and hreadth on its opporite sides ; but holding, as the 
supporters of the metrical derign do, that the one measure of the 
capacity of the hollow was intended by the constructor to also repre- 
sent the cubic contents of the vessel itself, there is no difficultj in 
seeing that if the coffer sides had both been made equal to the 
maximum length of the east ride, the solid contents of the vessd itMlf 
would have been larger than the solid contents of the hollow, and, on 
the other hand, if made equal to the smaller length of the western side^ 
the solid contents would have been less than would fill the hoUow. 
But the scoffer again says, the vessel could have been made with its 
opposite rides equal and parallel so as to constitute a rectangular veesel, 
and why were they so horridly misshapen ? 1 answer, because, amongst 
other features, a certain significant symbol was intended to be typified 
hy that vessel, and the maximum dimensions were absolutely necessary 
to produce that symbol, for, with the coffer's height, no other length 
and breadth but the maximum given by the bottom of the east side 
and north end would produce it. 

Tlie maximum length of the hottom of east side 

of the coffer is 90*5 inches. 

Maximum breadth of north end at the bottom is 89*2 

Maximum height at north-east comer, . 41*3 



» 



It has been shown that the sum of the lengths of two aides of 
the base of the Pyramid is to its height as the circumference of a 
circle is to its diameter — or the ratio always represented by ir; now, 
then, in the case of the coffer, we find 

Of)«fC I QQ.9 

Thus, by taking the exactly corresponding sets of dimensions in the 
coffer, which John Taylor first took for the whole Pyramid, we evolve 
the same mathematical symbol, tt. 

Here we see the modem measures of the coffer give ir more closely 
than the modern measures of the Pyramid, not certainly because of 
greater residual amounts of error existing in that structure; but 
because the measures of the Pyramid itself are excessively rude and 
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uncertain when compared to the precise treatment of accurate measure 
which the coffer itself has received.* 

Further, we see that it was a necessity to make the coffer of 
irregular figure, for if not to contain the one metrical feature, it could 
not, if regular, have contained the other; but it contains other important 
metrical features still, which, together with the two preceding, could 
not have been included in what Sir J. Y. Simpson calls a " mathemati- 
cal vessel." . Strange is it that quite recently, when measuring up the 
solid contents of the coffer, Piazzi Smyth found that the volume of the 
coffer's bottom is one half of the coffer^ s volume of sides and ends: this 
could not have been effected with the other two metrical features before- 
mentioned in a very evenly formed vesseL Then, again, the solid con- 
tents of the mass which would fill the coffer's hollow — or, in other 
words, when the coffer is the very peculiarly proportioned vessel it is, 
the volume of the whole material forming the coffer itself— divides the 
cubical contents enclosed by the lower adjusted course of masonry of 
the King's chamber fifty times; and this chamber stands upon the 
fiftieth course of masonry of the whole Pyramid. Could all these exact 
metrical features occur by accidents ? And is not their occurrence 
proofs of design ? Nay, do not the scoffed-at and so-called irregularities 
prove themselves as purposely-made adjustments, and of necessity, to 
cause that vessel to conform to all the metrical features it is found to 
contain. 

Does not the fact of the coffer's cubic contents dividing the contents 
of a special wall-course of the King's chamber exactly fifty times, prove 
that the coffer was made for that chamber. Equally, then, does the 
occurrence of ir both in the coffer as well as the Pyramid show that 
that vessel was made for thai Pyramid ; and astonishing is not the design 
which secures Hiot in so simple a vessel, and yet does not lose the 
other symbols ? And when we further find that the dimensions of 
such vessel are founded upon the highest natural and most unvarying 
standard of linear measure that our cosmical system contains, pointing 
too, to that most difficultly-to-be obtained quantity, '* the earth's mean 
density," man surely should beware ere he begins to scoff and jeer 

* The conviction that ir was nymboliised in the coffer originated itself with 
me about three years ago ; but at that time I could not prove it with 8u£Scient 
closeness, from the want of proper coffer measures. Since then, however, the 
real coffer dimensions have been published to the world by Piazzi Smyth, and 
it was only on a recent occasion, when going over these, my former conviction 
was recollected; and on applying it, I had the pleasure of finding it to be 
true. This, indeed, goes fkr to prove the faithfulness of those measures last 
brought home firom £gypt 
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at thii vlodi shovB itoeif altogetiher of bo pare, entted, and oonpleie 
a diaxacfcer. 

To eondode this diTkion of mj Kubjeei, I bate not the leaai licaiii 
tkn in arowing, tbat if any honeat-miiidfd penon will flimplj pot 
awaj prejudioe or preriotiB notions, and make a fair oompariaoai upon all 
the points wHich from time to time have been broogbt together oo tliis 
question, he will eondode, as othen in these latter days hare done, liiat 
not onlj is the coffer no ^mere saroophagos,* hot that indeed the 
Great P jiamid. when lighti j looked at, in its andent perfect ^lendov, 
as separate and distinct from other so-called pyramidal stmctnresy cannot 
he exphuned aoldy from a tombic pcnnt of view. I eoold even jet add 
fnrther proof than what has already been g^ven, hot it is utteriy hopeiasi 
to exhaust simply one feature of so Tast a sabieet, in a single paper. So 
that, without touching further here iqxm the peculiar proportiona and 
metncal features of this Tessel, I hope to have shown abundantij that 
the coffer was originally some other thing than the ^ old, and 
what mis-shapeuy stone coffin " which Sir James Y. Smpaon 
1 pass on to a few other considerBtions. 

MUodUunecmt drntanemU. 

It is Tcry singuhu* that this modem most-lahorioosly-worked-oiit 
metrical theory has been attacked by only two men — ^men certainly 
and justiy celebrated in some respects; — ^ihese are, Ck>L Sir Hauy 
James, and, as I hare before mentioned. Sir James T. Simpson. The 
great difficulty one feds in replying to Sir James Simpson's attack 
is the ascertaining of how fer it is meant by him to be seriouslj taken, 
or whether it should be looked at in large amount as mere joking, for 
of this latter character much of it appears to be. '^ His mode," as it baa 
been described by a dvil engineer in London, ''of representing the ooffiei^a 
conditicm; his complaints of the errors of modam measures, as a chaige 
against the Pyramid ; his complaint of (what is just the td^en of design 
in the coflfer) its unamenableness to linear measurement; and his 
complaint, that if linear measure were intended, the intended standazd 
would be repeated many times all over the coffer and Pyramid, whereas 
it is considered by sdentific men to be important not to rqieat a 
standard more often than is necessary, in order to avoid either ezeesaiTe 
error in making them identical, or else confusion from their casual 
differences. Again, he takes the admitted limits of error in modem 
imperfect measures of base lengths and angles, &c., and pretends that 
all men are agreed that these are not errors of measurement indeed, 
but original Tsriations in the Pyramid. Surely all this is mere joking. 
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He caiinot expect it to be seriously replied to by any scientific or busy 
man. He also picks out little mistakes, such as those of arithmetic, and 
even of printing — mistakes made here and there by the two or three 
great investigators who have elaborated the metrical theory; mistakes 
here and there, amid many other striking things in which there is no 
mistake ; and mistakes which, when rectified, show the shrewdly- 
guessed idea in a still stronger light. Of these, we may take, for 
example, his comments on the coffer capacity, the Inglis base measure, 
the commensurability of pyramid weight with earth weight, of which 
the more perfect calculation only proves the comparison more per- 
fectly. He calls up such mistakes as if the leading outline of the 
tlieory had no other supports, and as proofs of its whole fallibility; 
but, we may justly ask, are not such mistakes usually committed by 
most advocates of a new and deep theory P Such is merely and 
unavoidably what has been abundantly seen in all scientific progress, 
and is so common as not to be considered by its friends as any 
disgrace." 

I may remind you of some mistaken arguments and data (ridiculously 
mistaken) raised in defence of, or in constructing some theories, which 
are, nevertheless, firmly held on other and independent grounds. Need 
I allude to whole pages of grave print and earnest argument, based on 
arrow-heads of flint, afterwards found to be forgeries ; or on a stratum 
of Nile mud at least 20,000 years old, as sure as modern science 
exists, but in which a bit of very Tnodern pottery was unfortunately 
discovered after all the arguments had been so nicely made out ; or 
similar awkward mistakes discovered in caves ; or to the mistakes in the 
best-known (so certain persons confidently say) facts in crystallography 
and chemistry, but which we are one day told point with absolute 
certainty to the igneous origin of gpranite, and another day to the 
aqueous origin of it ;* or need I refer to the metrical theory, which was 
once said to be established and proved, as indicated by the wonderful 
carved tablet found in excavating a sepulchral mound within the limits 
of the modem city of Cincinnati, the series of lines on which were 
discovered to yield, in the sum of the products of the longer and shorter 
ones, a near approximation to the number of days in the year — a result 
which has been considered sufficient to ascribe to the tablet an astro- 
nomical origin, and so constituting it an ancient calendar, recording the 
approximation of the mound builders to the true length of the solar 
year. This wonderful tablet, too, has been shown to contain some 

* The substaDce of these latter comments is abridged from a letter written by 
William Petrie shortly after he had read the Report in the Dnil^ JRevittv of the 
onset made before the Edinburgh Boyal Society. 
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Sir «mixMi fhrnvtm. or an hbt vriti vriusL wt isff: mc iiouL i^ns iw 

il » nitist uiiiuTrcnulrr ijomdM mi£ mac jprKwtT -oB^ec. 

Xi & litvfv^ve! ToiliT iilii iar mi: ti 'XiUEt in ims il 
11? tut m>i«t»fiii»'£iin. J iBr7i-Bmauvii0ii!^^ Vir 3mMt armimTiTiBr 
tiijf: l^.'i^nmiiL ir» iiulh jl "tut: fn-muulu ast n? i3it -wnEuL ss ft'skmr 
iiiif: Msr&ffiiK of i&Bii wfiTt urufisvc. tvT iKviiuBL. mc j^ "aiensuiR- xutf m 

-viumi. -v'iigL ncriitrr axul iuliv imoffnaanDcl. aimv it cianchr i» ^ a 
^'iif^*^'^- iumniiiL. WL wa ts jmx ramiiif- of auivinp Tammraa^ mtniifi 
tpaaKSkuvm iuat xuset ubcxxt jl "Uif ordiiiEy nnxciBit a- iiumm: 
Mi0 smmmmmxttL iniiOi vl & uomiSuu:;. mrnmcsrcaiL k waL 
weamt. Hinr 'SifsHr wihithng msr iit efiecSBC I iiv% nut timr likiH 
joj^ tK» nKKv; tnit I wmiid flnavucjj nssimmieuc tiiixK: vlir* jbuI 
tfgnrardc ^flif; limtiL is laK- Goal PajxiuiE. "Sp jaiiriiinff-'yiA ml 

CAikt murt; punit w %& Sir Jxids X. SaapKm% AdttL imd I havt 
vihoi timsL fir Jinneft. is a aertaiii won irom lu pen net 
aiMBliv liat ^£rm tiie <flBi£BBt liktarie wiod^ is l^ 
tigjfi^ Atrjsxt, OraKK, imd -dcnrxi l:« gar vwn -dii^ imiJflK. 

wtfjiA tmnckoit fouidsiKaitil trps uf lijndsnr o p mjflJ OBL'^ ^ov. from 
Mdb as aHK a ta gp v« ilkoiild apees to fifed aooDe sack deeonoian m or 
aLovt tL« Oreat Pjruxddy idacrnng 21, c« vsgiiBtiGnaisAt crilence, to 
bf^Ubiie oldot iMuldki^ oo the law of tiie oith; IhH mart aanredhr 
ib«re h no «adk dECiontiOD in thMl rast pfle — not a skadov even of 
MMrb a t}j2o^ One little somcthiDg or other ibov is cotaialr in one 
IfitUtfito not j«t eoDpletelj expkixked part of tbe straetarp, — a little 
aeoiioToid dbamfmd proiection on the northern face of the gruiite leaf 
in tbe antechamber leading to the King's chamber, Neither the use of 
tkis little projection nor its sjmbdic meaning is yet andentood. 
At firvt sight it looks as if intended to oonstitnte a pit^taon bj 
wbieh tbe kaf might be laid hold of for being Hfted, and in thia 
§t!U»^. is like projections on some Egyptian sarcophagi ; hot then thia 
l«af is Hrfnljr cemented in its place, and cannot be so lifted. 

Coneltition. 

1 may, in coticlusion, bring before 3'oa one or two points which bear on 
ibis metrical theory. In the first place, the mean ang^e of the sidea, as 
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shown by the more careful measurements of the casing stone angles, 
and deduced from the present exterior flanks of the Pyramid, is between 
5V 39^, 51° 59' and between Sr 49' and 51** 58', the mean of which 
is close upon the angle necessary for the construction of a tt pyramid 
(namely, 51^ 51' 14*3"). But what does this peculiar angle produce ? 
It produces in the Pyramid a most celebrated and, in such a structure, 
remarkable ratio, and which no other angle could produce in such a 
figure — the ratio of the diameter of a circle to its circumference — the 
mathematical quantity w. And the more remarkable feature is, that a 
w pyramid contains this ratio in two perfectly distinct and clear repre- 
sentations, each one depending on the other, and each being the direct 
result of the angle 5V 5V 14*3". The original quantity used by 
John Taylor for the vertical height of the Great Pyramid, as deduced 
from the angle of sides combined with length of base, and partly tested 
by direct height measures by Howard Vyse, comes out 5,832 inches =: 
486 feet ; whilst the distance apart of the comer sockets, as ascer- 
tained by direct linear measurements over the intervening rubbish heaps, 
is 9,168 inches = 764 feet* Now 

486 : 2 X 764 : : 1 : 3*144; or as -. 

nr 

To get this ratio from the Pyramid, we have to perform a multi- 
plication which does not take place in the expression for the ratio 
of the diameter of a circle to its circumference; that is to say, we 
have to multiply one base side — namely, 764 feet by 2; or in other 
words, we have to add together the lengths of two sides of the base 
before that ratio can be found. And even then, the ratio so got has 
not a finite look about it, because, in taking two base lengths, we 
only take the half of a whole quantity — that is, the half of the 
sum of the whole four sides of the base ; for we must consider the 
lengths of the four rectangular base sides a whole quantity, just as 
we consider the circumference of a circle to be so. Since John 
Taylor's discovery, Piazzi Smyth has used the sum of the lengths of 
the four base sides as a whole quantity, which bears to the Pyramid's 

height the same ratio as a circle's circumference to its radius, or —— * 

These considerations led me to look for a more finite and complete 
expression of this ir ratio without requiring any such multiplication, 
or without taking any half or part of what appears to be a whole 

* It is exceedingly probable that whenever the tme linear measure of the base 
is ascertained (to enahle which to be accurately effected, the platform must be 
cleared of its ruhbish), the length will come out slightly greater and produce ir 
■till more true than is obtained from the measures we now possess. 
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or complete quantity by itself. I was not long, then, in seeing 
that the meridian area of a ir pyramid is to its base area as 1 : v io 
a direct manner, without requiring any doubling or halving whaterer. 
We have, then, this remarkable ratio twice embodied in the mass of 
the Pyramid. Again, the base length is shown to be comroensunUe 
with that most unvarying, and to us important Uuear feature of qiqi 
cosmical system — namely, the earth's polar axis, which, as we lean 
from the Ordnance Survey, according to the two methods for oon- 
puting arc-surveys adopted, comes out, according to one method, 
500,482,296 British inches, and by the other, 500,522,904 British 
inches — the mean value of which is 500,502,000 inches, or close upon 
500,500,000. Now, Mr. Taylor has shown, and Sir John Herschd 
confirms, in his Essay on tlie MHre, that the present British inch ii 
very nearly the 500,000,000th part of the earth's polar axis ; and thai 
if it be made only 1,000th part longer, it would place oar linear 
measure on a perfectly faultless basis. One of the grandest pomti, 
then, which the metrical theory discloses, by numerous unmistakeable 
coincidences, always coming out within extremely small limits of error, 
is that the Pyramid builders designed their work in accordance with an 
unit which is strikingly commensurable with this most unvarying and 
therefore most exalted standard ; for we find that the base length of the 
Pyramid, as deduced from one source, comes out 9,142 inches, which 
being divided by 25 03, being the 10,000,000th part of the earth's polar 
semidiameter, gives 365*25 nearly, or the nearest whole number for the 
days in the solar year. It is extremely probable that the value of the 
solar year in measure of earth rotations will come out more exactly 
than the remarkably close quantity yet obtained, as there are weighty 
reasons for believing that this mean, 9,142 inches, is something short 
of the real base measure, which cannot be obtained correctly — that is to 
say, within the smallest possible limits of error — until the platform on 
which the Pyramid stands is cleared of the overlying mounds of debris 
there accumulated : and therefore, as before explained, such determina- 
tions as those hitherto made must always be different from the real 
dimensions by the amount of residual error belonging to each such 
attempt at mensuration under impossible circumstances for accuracy. 
And when we further consider that the French Academicians in 1799 
give the base length as 9,163 British inches, CoL Howard Vyse as 
9,168, and Mahmoud Bey as 9,162, we get another mean giving a 
result close to the days in the sidereal year — namely, 366*18 ; so 
that out of the various base lengths it is lefb to the Pyramid 
itself to decide which is the true one, and certainly its symbolioal 
system does point out tiiat one or other of the two means now taken 
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are very near the true base length. Here, then, we find embodied 
in the Pyramid — in a symbolic way, most truly, but in such a way 
that the curators of a metrical system could at any time make 
themselves sure about — ^the first great element of time-measure, — 
that element over which the French legislators in succession so 
grossly stumbled when they wanted to divide everything by tens, 
but found in the end that the unalterable time standard could not 
and would not be so decimalized. From this as a starting-point in 
time - measures, then, nearly every other subdivision of time into 
lunations and weeks, and so on, has of late been shown to be embodied 
by oflb-repeated and most astonishing coincidences, in a way tliat 
cannot but impress studious minds in search of truth. That the 
reasons are grave indeed, and most highly suggestive of the belief that 
the Great Pyramid — so noble and pure a work, undefiled by any idolatry 
whatever — is, in chief part (included in a yet more significant design), a 
vast metrological monument, replete with symbols for the true guidance 
of man in dealing and conducting all those affairs of his nature wherein 
number and quantity or measure are concerned ; in brief, the coffer, as 
well as the King's chamber, are plainly symbolic of capacity -measure, and, 
as dependent thereon, weight-measure also, each of which are founded 
on the linear measure already laid down for the Pyramid, combined 
with a reference to the earth's bulk and specific gravity. The present 
state of science shows so clearly that now is the time when the 
Pyramid is to be read aright by those who will attend to its moat 
convincing, ever-recurring coincidences, pointing so unmistakeably to 
such a series of mathematical and cosmical facts, besides other things, 
that if its original purpose, in one respect at least, was not a grand 
material embodiment of a pure system of metrology, based upon the 
purest and most unvarying standard in nature, let that man come for- 
ward who is able to prove what else it is !*! 



The Sun^e Distance and tJie Great Pyramid. By W. Petrie. 
{Communicated to the PkUodophical Society through St. John V. Dat.) 

Modern science has found the mean distance of the sun to be one of 
the most difficult determinations, as also it is one of the greatest and 
most important. Nothing less refined than the best modem mathe- 
matics and instruments can determine it with anything like scientific 
accuracy ; and even then the error has been, within the last ten years, 
about 500 times as great (in proportion to the whole distance) as the 



292 Philosophical Society qf Glasgow, 

errors have been in other scientific determinations, such as the diameter 
of the earth. 

The Great Pyramid gives this sun-distance with an accuracj which 
there is strong reason to believe is as perfect as can be expressed bj 
dimensions in masonry. 

One proof of this, — the most plain and practical proof, — that the 
continually improved results of astronomers during the last 120 jemrSy 
since they found out anything about it, have continually come 
to what the Great Pyramid fixes as its distance, thus — 



British 

In 1750 astronomers made it, 82,000,000 

Early in the present century, 95^000,000 

About 1860, 91,678^000 

In 1867 the last and best result, by a re-oomputation from' 
many former observations, but with better elements, 
Simon Newcomb, the American astronomer, makes the 
distance, 



92,380^000 



He determined this without knowing that the distance had been 
inferred from the Great Pyramid, in course of its being studied in 
England just previously in the same year, although this result was not 
published until after he had published his ; and this Pyramid datum 
for the distance of the sun is 92,093,000 miles. 

Modern science will not have another opportunity of trying its skill 
in rivalry with the Great Pyramid wisdom of primeval time (doubtless 
by original revelation) until the year 1882, when there will be a good 
transit of Yenus: there will be an inferior one in 1874, not suited to 
give an accurate result. 

The following is a brief outline of that portion of the pyramid evi- 
dence that relates to the mean distance of the sun: — 

The mean distance of the sun is 10^ x pyramid altitude; that is, 
1,000,000,000 times the length of the vertical axis or perpendicular 
height of the Great Pyramid, from its original pavement up to its 
original peak. 

A. — Because all parts of the Pyramid constitute together a connected 
system of symbols relating to one primary subject. This symbol 
system requires, as part thereof, that the vertical height should 
represent the solar ray, or mean distance to the earth [and that, too» 
by functions of 10 and 9], so distinctly, that this was discovered not 
in the course of guessing, or random search for coincidences with 
Pyramid quantities, but by a steady process of inductive investigation 
of that most vital element in the Great Pyramid (its system of symbob), 
wherein a probability of its showing the sun's distance, as well as the 
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mode of it, was presented (to the writer's mind) unsought, and in the 
form of an unavoidable corollary to the system of symbology; and 
this before the last and best datum of sun - distance by Simon 
Newcomb had been known or calculated. 

B. — Because this Pyramid, by tradition and history, has pre- 
eminently reference to sun and earth. 

C. — Because the precise solar distance thus indicated by the Great 
Pyramid is the very distance that agrees best, on the whole, with all 
the more or less varying and uncertain determinations of the true 
distance which modem astronomers have made from time to time. 

THE PYRAMID ALTITUDE. 

The foregoing explanation depends on the altitude of the Pyramid 
being exactly known. We must explain that this is determined by the 
breadth of the base, which remains marked in the foundation rock, and 
by the angle of the original casing-stones, which has been exactly 
discovered by theory and measurement to have been such that the 
height is exactly the radius belonging to a circle of such a circumfer- 
ence as equals the length of the base, measured round all four sides ; 
or suppose a string exactly long enough to be stretched around the 
sides of the square base of the Pyramid, and then this string spread out 
on a flat piece of ground so as to be in a circle, instead of a square form, 
the radius of that circle, set upright, would be the height of the 
Pyramid. This height is 5,835 British inches. 

THE BASE BREADTH 

Is determined by the weighted mean of the careful measurement of 
the French Academicians, with the most perfect instruments that were 
then known, and the measurement of Colonel Howard Vyse, which 
were found in other places to be very correct. This mean is 9,165*59 
British inches. 

There are also other considerations, which cannot here be entered on, 
which determine this matter to be exactly the same as the above mean 
measurement. 

That a structure, executed at so great a cost, and such as would 
be in many ways the greatest triumph for human labour, skill, and 
science, should be made ostentatiously devoid of inscription, or of any 
other mode of recording any man's exaltation, is itself a strong 
corroboration of its design having been given by supernatural command* 
like that of the ark, the tabernacle, and temple of Jerusalem ; for it is 
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qoite contrary to what we know of human nature, and more partieularij 
contrary to the ways of men in such times and places, as it is em- 
phatically testified hy the adjacent catacomhs, that so magnificent, so 
unparalleled, and eminently warrantahle an opportunity should not he 
taken for exalting man, and especially the originator, owner, and ruler 
of the work, and that by aid of inscriptions, if he were a mere man. 

The above-named peculiarity reminds us, not of any of the great 
humanly -devised structures, from the Pyramids themselves to St. PauTs 
Cathedral, London (though devoted to Qod), replete with inscriptiTS 
exaltations of man ; but in this respect the Great Pyramid reminds us of 
the divinely-commanded temple at Jerusalem, to the one €rod orer all. 



APPENDIX 
Notes on Structures called Pyramids. 

Since the foregoing paper was read to the Philosophical Society, 
it has been represented to me, as advantageous to the subject, to 
supplement it with some considerations on other structures which 
some persons have called pyramids. The following notes, and accom- 
panying wood, as well as plate, engpravings of a few examples of such 
structures, have been put together in the hope of tending, to some 
extent, to remove a cause of much confusion to latter-day readers. 
There can be no question that the mischief which has been produced 
by such an universal application of one term to numerous varieties of 
structures, originally raised for as many different purposes, is the 
cause of much of that imhappy dogmatism which now-a-days exists, 
in persisting to say that the Great Pyramid is nothing else than a 
tomb. An idea and belief solely tombio having got possession of the 
minds of most readers, being what they were taught by people of 
the passing generation, in whose day the definite metrical peculiarities, 
and therefore realities, of the Pyramid were unknown, is naturally 
and persistently held, simply because so comparatively few minds have 
yet the courage to make the beginning to try and examine if there is 
not a greater foundation of reality in what the most refined applica- 
tions of science have since their school-days discovered, than in what 
they were then taught : yet, whilst a solely tombic theory has nothing 
convincing about it, because there is nothing to prove it ; yet the 
metrical (shall we say symbolic ?) theory, because it is of recent birth, 
and does contain endless series of unmistakeable symbols pointing 
to such high and lofty ends, and requiring efforts of a loftier order 
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than hitherto considered necessai; to understand the Pyramid, hklf 
the world is afraid to give itself the exertion of reallj aBcertaining 
what the metrical features are; and because thej have not courage to 
do BO, such persons presume to condemn those who have sought to 
understand its exquisite symmetry and purity ; nay, they even con- 
demn the mighty structure itself. 

I shall not enter into any descriptive statement as to the Great 
Pyramid, nor of any of the JeezeL Pyramids, because all this ia so 
excellently done in a collected and easily accessible way elsewhere. 
The accompanying woodcut (Fig. I) will, however, demonstrate one 
feature peculiar to the Jeezeh group— namely, their universal similarity 




Fig.1. 
of orientation. I take it for granted that the well-recognized 
internal splendour and stractnral magnificence of the Great Pyramid 
are both well understood ; also that not even another Jeezeh, or 
other Egyptian pyramid, resemble* it, except in that they are 
entered by passagea aimilarly rituated, but of vastly inferior struc- 
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tore, to its entrance passage. None of them contain any chaah> 
bers, except such as are subterranean, and in no way syrometrieal. 
They are all of different proportions, and all smaller than the 
Great Pyramid. Yet Sir J. Y. Simpson indeed declares that it is 
just like any of the other pyramids — Irish, American, &c., &c. He 
brings up the New Orange tumulus, and pretends to compare this 
with the majestic Jeezeh mass ; and endeavours to add weight to his 
argument by quoting from Sir William Wilde, who, in writing on the 
Boyne tumulus, and comparing it with the pyramids he had seen in 
Egypt, says, ^^Uie type and purpose is all the same" I strongly 
suspect this idea Sir William Wilde borrowed from Governor Pownalj^ 
who described this barrow in the Archasoiogia, 

I have purposely taken some pains to represent this structure^ on 
which so much dependence appears to be placed, so that we may not 
fail to discover the similarity and identity, if such exist ; for it is 
declared that their oneness of purpose does exist. Let us see, then, if 
we can find it. Fig. 2 is a section of ^* the Great Pyramid of the 
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Fig. 2. 



Boyne," whilst Fig. 3 is a plan of the same notable structure. It is well 
to remark its trapezoidal base, and the position of the passage leading 




Fig. 3. 
to the sepulchral chamber, the position of the three niches, and compare 
the whole with the four cardinal points of the compass ; and where do 
we find an approach to orientation, or even a regular, rectilinear, 
geometrical figure at all P Where, indeed, is its similarity to the Great 
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Fig. 6. 
Vol. VI.— No. 4. 
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Pyramid of Jeezeh P We may perhaps find it in the g^ery, or the 
aepolchral chamher, not improbably in the general structure of its mam 
of solidity. Let ds, then, lo<^ at its gallery and chamber in sectional 
elevation looking east, fig. 4, and in plan, Fig. 5 ; and then we mmj 
consider one of the radely, somewhat ova]-slu^>ed stone pans or basons 
shown at Figs. 6 and 7 ; and is there a feature like the Great Pyramid, 
or even anything nearly so good as the very worst pyramidal mound 
that has been found anywhere throughout the Nile valley P This Irish 
tumulus was very elaborately explained about the year 1770 A. d., hy 
Governor Thomas Pownall, who wrote a creditably complete paper con- 
cerning it, and expended much money and time in having it properly 
surveyed by a Mr. Bowie, under the direction of I>r. Norria, " master 
of the great school of Drogheda,** and from whose measurement and 
examination a complete set of drawings were made. The paper and 
engravings from these drawings were brought before the Society of 
Antiquaries of London in June, 1770; and from these drawings, 
published in the Archaclogiaj vol. ii., I have prepared the illustra- 
tions, whilst the following extracts respecting this tumulus are tran- 
scribed from the venerable pages of that publication.* 

(Page 238.) " Accident in like manner about the end ti the last oentmy 
discovered an opoung in the side of the Oreat Pyramid ai New Orange f in 
Ireland ; and this aperture, by a gallery, led to a cemetery ccmpoeed of three 
tabemades or niches in the centre of the base.*' 

Now, this is the first clue that I am able to find wherein the tumulus 
(notably mentioned in the title of the paper as a '' Sepulchral Monu- 
ment," and spoken of in the early parts of the paper as one of the 
" tumuli " or ^ moufids " of earth raised over the bodies of great and 
famous persons — called in south-eastern coimtries Bougora^ and bj us 
Burrows or Barrows) is so ridiculously dignified with a name even 
approaching to '' Pyramidj^* to say nothing of ascending to the 
distinction of being prefixed by the adjective " GrecU,^* No doubt Sir 
James T. Simpson, in this paper of Governor Pownall*Sy found it so 
called, and as such a name applied certainly with somia show of 
authority to such a structure — comes in most fittingly for his attadc 
on the character of the noble Monument at Jeezeh — it was indeed no 
doubt hard to leave alone the temptation of using (what seoned to 
him) so powerful an unit in his assault. 

* The title of this paper, which is well worth carefol reading, is, "A 
Description of the Sepnlchral Monument at New Orange, near Drogheda, in 
the County of Meath, in Ireland." By Thomas Pownall, Esq., in a letter to 
the Rev. Gregory Shaipe, D.D., Master of the Temple. 

f These italics are mine. 
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(Page 250.) " As most, if not all, the Barrows which we know of (a few small 
cameddas excepted) are formed of earth, you will, upon your approach to this, be 
surprised to find it a pyramid of stone, compiled of pebble or cogle stones, such as 
are commonly used in paving. But what conceptions must we have of the ex- 
pense of labour and time, and of the number of hands necessary to such a work, 
when we understand that these stones must have been brought hither not less 
than twelve or fourteen miles from the sea-coast, at the mouth of the Boyne ! 
Such materials lie there ; but I am assured, by gentlemen who know the country 
where this monument is erected, that there are no such atones as it is composed 
of to be found within land. When I add to all this, that, upon a calculation 
raised from the most moderate state of its measurements, the solid contents 
of this stupendous pile amount to 189,000 tons weight of stone, your astonish- 
ment must, I think, be raised to the highest pitch." 

Language of the kind now quoted is almost cert^n to inflame the 
mind of any man not accustomed to works in masonry, earth, and so 
forth, nor used to handle krge round masses of figures, with a picture 
immensely extravagant and wide of the true nature of things ; and to 
any one setting about an assault like that of the Edinburgh medical 
baronet — ^who, from his busy professional occupation, can hardly have 
the necessary time, and but few opportunities of practising that 
special kind of observation so necessary for the real appreciation of 
ancient as well as modem practice in the structural arts — certainly 
this dashing language of (Governor Pownall's comes most oppor- 
tunely for his purpose; but it loses its force when we find this 
^'pyramid of stone" is '^compiled of pebble or cogle-stones.*' Let 
it be remembered that a really pyramidal structure, by which 
use of the adjective I mean a solid terminating in an apex, unless 
extremely flat, could never have heen erected of such material. I 
should say, with a much flatter angle of side than that shown by f%. 
2 ; as, when approaching the apex, the weight of the uppermost layers 
of stones, having but so small a surface of support compared to that 
of the under layers, and the inclination of such structure being so 
much in excess of the angle of repose of the material (piled together 
loosely, as it is reported to be), the tendency and direct result of the 
uppermost part, if such ever existed, would be to slide down the sides 
and accumulate round the base, thus making the angle of side even 
less than at first (supposing for the moment that the structure was 
originally apiculated), we may therefore safely conclude that from the 
practical difficulty, nay, impossibility, of making such a structure 
terminate with its angle of side in an apex, it never could have so 
terminated, and therefore never existed in any state far diflerent from 
the extremely rude approximation to a conic frustum which it now 
presents. 

(Page 253.) "Fig. 3 gives the plan of the base drawn according to Mr. 
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Bowie*8 rtationi in measorin^ it ; bnt yon most nndentand tbmt the peripheiy 
of ike real figure is curvilinear, not rectilinear. This base corera abo«at two 
acres of ground, c is the plan of the cave and the gallery leading to it; 
«s it bears 24^ N.W. Fig. 3 is the section of the pyramid, and of the gromid 
on which it stands, projected from a medium of the Tarioiu nmnbers I 
have received. The whole is laid down by a scale of 84 feet to an inch.** 

(that is, 168 feet to an inch in the illustration now given bj me — 
these being one-half the size of those by GoTemor Pownall). 

" This pyramid was encircled at the base with a number of enonnona unhewii 
stones set upright, of which ten were remaining when I was on the spot 
These you will see marked in the plan. Nine of them are still in their erect 
position, the tenth is thrown down. I measured many of these atones, and 
found them firom 7 to 9 feet high above ground; that which is thrown 
down, and lies quite out of the ground, measured near 11 feet Their forais 
are various and anomalous. Upon a rough estimate they may be snj^xMed to 
weigh from eight to twelve tons each. Mr. Lhwyd says there was a stone of 
considerable bulk erected on the summit c^ this pyramid, of the same anomal- 
ous ferm as the others, but of less size. But there were no remains of such 
when I was there. 

" The pyramid in its present state is, as I said, but a ruin of what it was. It 
has long served as a stone quarry to the country round about. All the roads 
in the neighbourhood are paved with its stones : immense quantities have been 
taken away. Mr. Lhwyd mentions the particular instance which gave occa- 
sion to the discovery of the gallery that leads to the cemetery. The month of 
this gallery, under the perfect state of the monument, lay concealed and ahnt 
up near 40 feet within the body of the pile. The dotted line a e, in the sec- 
tion. Fig. 2, gives the supposed perfect side. The triangle a, 6, c is the hollow 
space from whence, as from a stone quarry, the stones have been taken; h 
marks the mouth of the gallery. This gallery is formed by lai^ flag stonea 
Those which compose its sides arc set on edge, and are of different altitudes, 
from 2 to 7 feet high, and of various breadths from 2 to 3 feet 6 inches, as may 
be seen by the figures in the plan Fig. 5, where the figures on the outside 
denote the altitude of the stones, those on the inside their breadth. The 
thickness of each could not be taken with any certainty ; but some of the laige 
ones which form the cemetery are from 14 foot to 2 feet thick. 

" Fig. 4 gives a section of the gallery, and of the east tabernacle or niche in 
the cemetery. Fig. 8 is a perspective section of the north side opposite to the 
entrance. 

** One of the stones, marked q. Fig. 5, which lies across, and forms part of the 
top or roof of the gallery, is 13 feet long and 5 feet broad ; another at L is 11 
feet long and 4 feet 6 inches broad. 

"This gallery at the mouth is 3 feet wide and 2 feet high. At 13 feet from 
the mouth it is only 2 feet 2 inches wide at the bottom, and of an indeterminate 
width and height. Four of the side stones, beginning from the fifth on the 
right hand, or eastern side, stand now leaning over to the opposite side ; so that 
here the passage is scarce permeable. We made our way by creeping on our 
hands and knees till we came to this part. Here we were forced to turn upon 
our sides, and edge ourselves on with one elbow and one foot. After we had 
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pawed thia atrsit we were en&bled to (rtandi and by degrees, as we advanced 
farther, we could walk npriglit, as the height above us increased from S to 9 
feet. The diatanoe Avm a to b Id the ground plot, Fig. 6, is 42 feet; 
from B to c U 10 feet 4 inches ; from c to d, 19 feet 2 inches ; from b to p, 
21 feet. Yoa will oheerve fnm the Ptan that, althoagh the oemeter; ia 




Pig. a 



an iiT^nlar polygon, yet it is aach an oct^^on aa might be nippoaed to 
be fonned with tnch tongh materials into so rude a style of architectnra. 
The dome of this cave or cemetery apringa, at varions unequal heights, 
from 8 to 9 and 10 feet on different aidea, forming at Jirst a coving of raght 
■idea. At the height of IS or 16 feet, the north and south aidea of thia 
coving ran to a point like a gore, and the coving continues its spring with aiz 
■ides ; the eaat aide coming to a pcutit next, it is reduced to five sides ; the west 
next ; and the dome enda and closes with four sides, not tied with a keyatone, 
but capped with a flat flag stone of 3 feet 10 inches by 3 feet 6 inchea. The 
cOQstmctiotL of this dome is not formed by keystones, whose sides are the radii 
ofa circle, or of an ellipsis converging to a centre. It is combined with great 
long Sat stonea, each of the upper stones projecting a little beyond the end of 
that immediately beneath it, Qie part projecting and weight supported by it 
bearing so small a proportion to tho weight which preaaea down the part aup- 
ported, the greater the general w^ght is which is laid upon such a cove the 
Snner it ia comincted in all its parts. This will appear withont any fnrthec 
explanation, from a bare inspection of Figs. 4 and 6. 

"The eight aides of thia polygon are tbn* formed. The aperture which 
forma the entrance, and the three nichea or tabemaclea, make four sides, 
and the four impoets the other fonr. Upon the whole, this cemetery ia an 
octagon with a dome of about 20 feet in height, and of an area which may 
be circumscribed within • circle of 17 or 171 feel Fig. 8 gives a view of 
the tabernacle oppoaite to the entrance, aa Fig. 4 doe* of the eaat side one. 
1 will begin my deocription with that on the east, or right hand Sach side 
of this consists of two atones standing erect, in the pomtion and of the 
dimenaions as marked in the Plan, Fig. 6. The back is formed by a large 
flat stone laid edgeways at ita length; its position and dimensions are also 
marked in the same Plan. The whole is covered with one large flat stons^ 
sloping towarda the back, and thna forms what, in the language of the old 
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British iolialntuits, is cm!Ied s KistYaSn. Tlie norUiem tabemade is 
sinictad ezsctly ss the esstem one. Hie oUier on the wostem or left head 
side diffiBTB, each side of it being composed hot of one sin^ stone, aa may he 
seen in the plan. Where the back stone does not leaeh quite up to the top 
covering stone, there the space is completed by a kind of maaosuy of time 
counes. The northern tabernacle hath for its floor a long flat stosiey 6 iset 8 
inches long by 4 feet 11 inches broad. The two side niches have no other floor 
bat the natural gronnd. They have^ however, each of them, a rock bami 
placed within them. That in the left-hand nidie stsnds on the natoral gnmnd. 
That on the right is placed upon a kind of base. It iqppesred to me, when I 
made my sketch, rather convex than as it is described by others^ and aa given to 
me by Mr. Bowie. Bat herein I may have been misled by the earth which lay 
aboat it. As this basin seemed to have the sides of its concave finted, I 
desired particnlarly that the sorveyor might clean it and wash it ; that if thsra 
was snything singalar it might be observed. Nothing particnlar waa fbaad 
there; so take the dranght jnst as I first sketched it. The basin on the ri|^ 
hand, ss the sorveyor gives me the measnre, is 4 foot 9 inches by 3 feet 4 inches ; 
as I messured it, it is 3 feet 11 inches by 3 foot 5 inches. The surveyor's 
measore of the base is 6 foot by 5 foot 4 inches. The bsain in the left-hand 
tabernacle is exactly of the same form as the other; its dimensions 4 feet 4 
inches by 3 feet 7 inches. In the narrow point of its oval it ia 2 foet broad. 
Dr. Molineox, in his sccoont of this oemeteiy, says that there was a rock bsaon 
in each niche ; and as that stone which I have described as a bsse is a concave^ 
forming a basin like the rest, it may at the first view seem to give aome Ibanda- 
tion for this acconnt. But Mr. Lhwyd says expressly, 'that in eadi oeDer 
i^srtment on the right and left hand was a broad shallow basin of stone ; tibs 
bssin on the right lumd stood within another; that on the left hand waa sib^; 
and in the apartment straight forward there was none at aO.' As this aeeoont 
was prior to the Doctor's, and as both the drawing and Plan from whidi tibs 
Doctor wrote describe this base-stone (which one might soppose to be the third 
basin) as actaally then standing as a base to the right-hand basin, it is dear 
that the Doctor was mistaken ; and indeed a bare view of the inaocnzate phm 
from which he wrote his description shows how that mistake arose." 

Thus far, then, we have no difficulty in fully understanding what 
sort of thing this New Grange affiur is, which has recently been set up, 
with such a sham show of authority, as a rival to the Great Pyramid 
of Jeezeh, and I am sure that it is needless to say another word con- 
cerning it ; although for those who, not knowing what they really do, 
in striving to tear down to the foundation that truth bound up in the 
Ghreat Pyramid, — ^to such it may answer their purpose to classify two 
things of so totally dissimilar character. 

When we consider that the earliest monuments in Europe were 
mounds of earth, or cairns of stones raised bj some Turanian 
oflbpring over the remains of the dead ; and knowing that, in very 
early instances, thej were left simply rough and apparently unfinished, 
the New Grange monument, from the circle of basement stones, 
appears to be of not earlier than Etruscan date. The Etruscans im- 
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proved upon the older tumuli by surrounding the base with a podium, 
or supporting wall. The Etruscan tumuli appear to be always 
circular ; still they have been, and are yet being persistently, called 
pyramids; as in the case of the Hegulini Galeassi tomb, and the 
Cocumella Yulci, whilst in Asia Minor the same order of tumulus is 
found as at Tantalais on the north shore of the Gulf of Smyrna. 
The New Grange mound is altogether a most inferior example of a 
tumulus: there are many others in Europe — yea, even in our own 
British Isles ^f far higher structural type. 

American Pyramids. 

Passing from Europe to America, we find quite another order 
of things there called pyramids. Besides the various sepulchral 
tumuli of earth and loose stones in various parts of that country, there 
are to be found several huge masonry erections, two of which are 
shown at Plates Y. and VL — namely, the Pyramid of Oajaca at 
Tehuantepec, and the Teocalli at Palenque. 

In Stephen and Catherwood's CerUral America^ 1854, the distinctive 
character of these American pyramids is thus mentioned, p. 529: — 

"The pyramidB of Egjrpt are known to have interior chambers; these 
(namely, the American) are of solid earth and stone. No interior chambers 
have ever been discovered, and probably none exist. And the most radical 
difference of all is, the pyramids of Egypt are complete in themselves. The 
structures of this country (America) were erected only to serve as the founda- 
tions of buildings. There is no pyramid in Egypt with a palace or temple 
upon it ; there is no pyramidal structure in this country without, — at least, none 
from whose condition any judgment can be formed.'* 

Fergusson in his History of Architecture remarks: — 

" The principal monuments of the valley are the Teocallis —literally, Houses 
of God— the Temples of the people. These are pyramids in terraces, with flat 
tops, and always surmounted by a chamber or cell, which is in &ct in the 
temple itselfl They seem to be of all ages, for, if one may trust the tradition, 
that of Cholulu is as old as the early Toltecs, whereas the great Teocalli of the 
city of Mexico was only finished five years before the discovery of America by 
Columbus, and the Spaniards met with many persons who had assisted in its 
erection. It has, however, with all the native buildings of the city, been 
swept away by the ruthless bigotry of the conquerors. . . . 

*' Of these teocallis, the largest, probably also the oldest, is that of dioluln. 
Its dimensions, in so fiBn: as it can be ascertained in its present ruinous state, 
are 1,440 feet square, and 177 feet in height, divided in four storeys, the fifth 
being formed by the cell or temple, which has now been replaced by a chapel 
dedicated to the Virgin Mary. The whole is composed of badly burnt bricks 
and mnd, and is now so overgrown with trees, that it is difficult to make out 
its form ; but in Humboldt's time it apparently was freer finom obstruction and 
more easily traced. 
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" There are two pyramids at Teotihuacao, the largest of which is tLppaitaaAj a 
square of 645 feet, with a height of 171 feet ; and there are others at Tezcnco of 
about the same dimeuaioiiB, and, like them, divided into five or aeven storeyi, 
but the most interesting of those yet brought to light is that of Xochicalca It 
is situated on the top of what appears to be a natural elevation, but which has 
been fuhioned into terraces by art. The pyramid itself is in five storeys . . . 

'* Besides these great many-storeyed pyramids, there are numerous exanqilcs 
in various parts of the country of one storey only ; several of these have been 
described, but unfortunately not drawn. Their general arrangement may, 
however, be judged of from the example from Oajaca, Plate V. Like all othoi 
in Mexico, it is only a device to raise a temple to such a height as should givi 
it dignity, and enable the ceremonies performed cm its upper platform to be 
seen by all the people. 

^ It is indispensably necessary to bear this distinction in mind in speaking of 
these monuments, as careless writers, connecting the word pyramid with 
Egypt, have been too apt to confound together two classes of monuments 
entirely distinct and dissimOar. .... In no instance (of £gyptiaB 
pyramids) are there external steps leading to a cell or chamber on the mpa. 

The Assyrian pyramids, on the contrary, have much more 

affinity with the buildings of which we are now speaking. They were 
always in terraces, the upper platform was always crowned by a chamber 
or cell, and there were external steps leading to this, which was the prin- 
cipal object of the erection. We have traced this form of temple to the 
shores of the Eastern Ocean. If we still, however, hesitate to pronounce 
that there was any connection between the builders of the pyramids of Soks 
and Oajaca, or the temples of Xochicalco and Boro Buddor, we most at 
least allow that the likeness is startling, and difficult to account for on the 
theory of mere accidental coincidence. 

" As in Mexico, the principal monument of Yucatan is the Teocalli In the 
latter province, however, they seem to differ somewhat in design from those 
above described. They are not generally in terraces, but rise, at an angle of 
about 45°, to the level of the platform on which the temple stands; imd a 
magnificent unbroken flight of steps leads from the base of the building to its 
summit. Almost all these retain more or less of the remains of architectural 
magnificence that once adorned their summits. The annexed Plate, VI., r^re- 
senting the elevation of a temple at Palenque supported by a pyramid, will 
give a good general idea of their form. The pjrramid is about 280 feet square, 
and 60 feet in height : on the top of it stands the temple, 76 feet wide in fiont, 
and 25 feet deep, ornamented in stucco with bassi-relievi of better execution 
than is usually found in these parts, and with large hieroglyphical tablets, 
whose decipherment, were it possible, would probably reveal to us much of 
the history of these buildings. 

" The other temples found in Yucatan differ but little from this one, except 
in size, and, architecturally speaking, are less interesting than the palaces—the 
splendour of the temple consisting in the size of its pyramid, to which the 
superstructure is only the crowning member : in the palace, on the other hand, 
the pyramid is entirely subordinate to the building it supports, forming merely 
an appropriate and convenient pedestal, just sufficient to give it a proper degree 
of architectural effect" 
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Ethiopian Pyramida, 

At several spots scattered on the banks of the Upper Nile we find 
various structures, many of them somewhat pyramidal in form, yet 
few, if any of them,' bear any traces of ever having been finished in a 
sharp apex at the summit : on the contrary, all of these concerning 
which I can gather information, bear very decided significance of having 
terminated in a flat top, — an architectural finish unknown in any 
purely Lower Egyptian Pyramid. Whilst the Meroe Pyramids belong 
to a unique and distinct order, their inferiority of construction is 
particularly remarkable, the pyramid part of the building being in most 
cases nothing more than a heap or pile of loose and rough material 
covered by a casing of wrought stone, the latter frequently very 
uneven and badly jointed. They are also remarkable in being finished 
with a pronaos or porch, sometimes of very lai^ dimensions, while 
frequently much smaller, as shown at Plates YII., YIIL, and IX.; the 
pronaos constituting the receptacle for the dead, and therefore the only 
really useful part of the structure. The Meroe Pyramids have been 
pitched down wherever it seems to have pleased the builder, as may be 
gathered from the plans in Plates YII. and IX., none being oriented ; 
and each constructor appears to have adopted whatever form or finish 
he chose. Judging from the drawing in Lepsius's Denkmader, some of 
them are much ornamented on the exterior, some plain, and others 
apparently unfinished, whilst a peculiarity appears to exist in the case 
of a roll moulding at all the angles, this in some cases being cut on 
the outer end of the casing stones, as shown at Fig. 1, Plate YIIL In 
others the angles are composed of prisms of stone let into the angular 
space formed at the junction of two surfaces of casing stones, as shown 
at Fig. 2, Plate IX. ; whilst in others the flat surfaces of the casing 
stones themselves are ornamented with a raised panel, as shown at 
Fig. 3, Plate IX., which represents part of a casing stone surface, 
and in which the unevenness of the joints is plainly seen. Again, 
some of these Meroe buildings are formed of stepped surfaces, as shown 
at Fig. 4, Plate IX., each layer of casing stones receding inwards 
from that immediately below it, but vrith the sides inclining, although 
to a less degree than the actual inclination of the whole side of the 
structure itself. 

Speaking of Ethiopian structures, Fergusson, in his History qf 
Architecture, says: — 

"The most remarkable monuments of the Ethiopian kingdom are the 
pyramids, of which three great groups have been discovered and described. 
llie principal group is at a place called Dankelah, the assumed site of the 
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ancient MeroS, in latitude 17** north. Another is at Gibel Barkal ; the third 
at Nonrri, a few miles lower down than the last named, bat probably only 
another necropolis of the same city. 

" Compared with the great Memphite examples, theee pyrmmida are meet 
insignificant in size, — ^the largest at Nonrri being only 110 feet by 100; at 
Gibel Barkal the largest is only 88 feet square ; at Mero^ none exceed 60 feet 
each way. They differ also in form from those of Egypt, being much steqier, 
as their height is generally eqnal to the width of the base. They alao all 
possess the roll moolding on their angles, and all have a little porch or jvonaoa 
attached to one side, generally ornamented with scolpture, and forming either 
a chapel, or more probably the place where the coffin of the deceaaed was 
placed. We know from the Greeks that, so fer frx>m concealing the bodiei of 
their dead, the Ethiopians had a manner of preserving them in some transparcnt 
snbetanoe, which rendered them permanently visible after death. 

"To those femiliar with the rigid orientation of those of Lower EgjpL, 
perhaps the most striking peculiarity of the pjrramids is the more than Thehan 
irregnlarity with which they are arranged, no two being ever placed, except by 
accident, at the same angle to the meridian, but the whole being grouped with 
the most picturesque diversity, as chance appears to have dictated. 

*' Among their conatmctiYe peculiarities it may be mentioned that tiiej 
seem all to have been first built in successive terraces, each leas in dimemaans 
than that below it, something like the great pyramid at Saccara^ theee being 
afterwards smoothed over by the external straight-lined coating. 

" like the temples of Gibel fiarkal, all these buildings appear to belong to 
the Tirhakah epoch of the Ethiopian kingdom. It is extremely improbable 
that any of them are as old as the time of Solomon, or that any are later than 
the age of Cambyses, every indication seeming to point to a date between theae 
two great epochs in the connection of African history with that of Asia." 

Assyrian Pyramids. 

Most probably owing to the forms of some of the ruinous piles 
situated on the banks of the Euphrates approximating to that which a 
true pyramid in a state of far-gone dilapidation and decay would, and in 
many case^ even of the Egyptian pyramids, has assumed, — has the 
word been applied to several proto-Chaldean, as well as later Chaldean, 
structures. These structures, although for long years mere shape- 
less masses, we know now, by the light which has been shed upon 
them by the comparatively recent investigations of Bawlinson, Layard, 
Lofkus, and Taylor (although in no case does it appear that anything 
has been found which renders quite certain our restoration to the origi- 
nal architectural forms entirely), were chiefly temples situated on the 
top of vast terraced blocks of brick-work, as in the case of the Birs 
Nimroud and the Mugheyr. It is needless to add that some of 
these stnictures were highly ornamented, and contain many points of 
strictly architectural and no doubt c44)ricious finish, totally devoid of 
anything that can scientifically be considered pyramidal Indeed, thej 
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are entirely nou-pjramidal, unless ** pyramid " be taken to mean (which 
it certainly ought not) a heap of any form, composed in any povsible 
way, between the limits of the rudest burial-mound of the wildest 
savage, up to the unequalled masonry of the profoundly meaning 
Jeezeh pile. 

The remains of the earliest proto-Chaldean temple can scarcely be of 
remoter date than about 1900 B.C. ; and the chief cause why it is so 
difficult to form a correct representation of the old form of temple is, 
that the material of which most were composed was either sun-dried 
or very imperfectly burned brick. The later Chaldean temples, of date 
about 600 B.C., and up to the time when Babylon was taken by Cyrus, 
appear to have been constructed of a better class of bricks ; but vast 
quantities of them have been quarried out of the older edifices and used 
in the construction of other buildings, raised by succeeding occupants 
of the country, according to their caprice and taste. To a large extent 
we owe our own ideas of what these Babylonian structures were to the 
copying of some of them in stone by the Persians in their own country, 
as in the case of the alleged tomb of Cyrus at Passargadoe. 

Speaking of these structures, Fergusson, who compiles his informa- 
tion from the writings of Bawlinson, Loflus, Layard, and Taylor, 
says: — 

''The oldest temple we know of at present is the Bowariyeh at Wurka 
(Erek), erected by Umkh, at least 2,000 years B.C. ; bat now so utterly rained, 
that it is difficalt to make out what it ozigiiially was like. It seems, however, 
to have consisted of two storeys at least : the lowest about 200 feet sqtuure, of 
son-dried bricks ; the upper is heed, with burnt bricks, apparently of a more 
modem date. The height of the two storeys taken together is now aboat 100 
feet; and it is nearly certain that a third, or chamber storey, existed above 
what now appears. 

*' The Mugheyr Temple is somewhat better preserved, but in this case it is 
only the lower storey that can be considered old. The cylinders found in the 
angles of the upper part belong to Nabonidns, the last king of the later Baby- 
lonian kingdom; and the third storey only exists in tradition. Still, from such 
information as we have, we gather that its plan was originally a rectangle 198 
feet by 133, with nine buttresses in the longer and six in the shorter faces. The 
walls slope inwards in the ratio of 1 in 10. Above them was a second storey, 
119 feet by 75, placed, as is usual, near one end of the lower storey, so as to 
admit of a staircase being added at the other. It is 47 feet distant from the 
south-eastern end, and only 28 or 30 from the other; but whether the whole of 
this was occupied by a flight of steps or not is by no means clear. Taken 
altogether, the plan and probable appearance of the building when complete 
may have been something like that represented in Plate X., though there aro 
too many elements of uncertainty to make it a restoration which can altogether 
be depended upon. 

*'The typical example of this class of temples is the Birs Nimroud. 
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It is tme that aa it now stimcU erery brick bean the atamp of Xebo- 
chadnaMar, by whom it was repaired, perhaps nearly rebuilt ; bat there 
is no reason for snppoung that he changed the original plan, or that the sscred 
fonn of these temples had altered in the intervaL It owes its more perfect 
preservation to the fact of the upper storey having been vitrified after erection 
by some process we do not qoite understand.* This now forma a maaa of dag, 
which has to a great extent protected the lower storeys frcHU atmo^iheric 
influences. 

" In so far as it has been explored, the lower storey forma a perfisct aquan^ 
272 feet each way. Above this are six storeys, each 42 feet less in horiaontal 
dimensions. These are not placed concentrically on those below themi, bnt at a 
distance of only 12 feet from the south-eastern edge, and conaeqneDtly 30 feet 
from the X.W., and 21 feet from the two other sides. 

" The height of the three upper storeys seems to have been ascertained with 
sufficient correctness to be 15 feet each, or 45 feet together. Unfortonately 
no excavation was undertaken to ascertain the height of the lowest and most 
important storey. Sir Henry Rawlinson assumes it at 26 ; and I have ventnred 
to make it 45, from the analogy of the tomb of Cyrus and the temple at 
Mugheyr. The height of the two intermediate storeys, instead of being 22 feet 
6 inches, as we might expect, was 26, which seems to have resolted from some 
adjustment due to the chambers which ranged along their walla on two aides. 
The exact form and dimensions of these chambers were not aacertained, which 
is very much to be regretted, as they seem the counterpart of those which 
surrounded Solomon's temple and the Viharas in India^ and are consequently 
among the most interesting peculiarities of this building. 

** No attempt was made to investigate the design of the upper storey, though 
it does not seem that it would be difficult to do so, as fragments of its vaulted 
roof are strewed about the base of the tower-like fragment that remaina, from 
which a restoration might be effected by any one accustomed to such investiga- 
tions. What we do know is that it was the cella or sanctuary of the temple. 
There probably also was a shrine on the third platform. 

*' This temple, as we know from the decipherment of the cylinders which 
were found on its angles, was dedicated to the seven planets or heavenly 
spheres, and we find it consequently adorned with the colours of each. The 
lower, which was also richly panelled, was black, the colour of Saturn ; the 
next, orange, the colour of Jupiter ; the third, red, emblematic of Mars ; the 
fourth, yellow, belonging to the son; the fifth and sixth, green and blue 
re8i)ectively, as dedicated to Venus and Mercury; and the upper probably 
white, that being the colour belonging to the moon, whose place in the 
Chaldean system would be uppermost. A general idea of this structure may be 
gathered from Plate XI. 

" Access to each of these storeys was obtained by stairs, probably arranged 
as shown in the plan, Plate XI. These have crumbled away or been removed, 
though probably traces of them might still have been found if the explorations 
had been more complete. 

" Another temple of the same class was exhumed at Khorsabad some ten or 
twelve years ago by M. Place, but his drawings are still unpublished. It 

* FerguMon imjn TitrUIed. It appears more probable that they may haye been oemsnted 
together with bitumen, aa in the oaee of the walla of Babylon. 
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consisted, like the one at Borsippa, of seven storeys, but in this instance each 
was placed concentrically on the one below it ; and instead of stairs on the 
sloping face, a ramp wound round the tower, as we are told was the case with 
the temple of Belus at Babylon. The four lower storeys are still perfect. Each 
of them is richly panelled and coloured as above mentioned, and in some parts 
even the parapet of the ramp still remains in aUu," 

It was my intention to have made these notes on the various 
structures which are called pyramids much more complete, but the 
necessity of not delaying publication of the Philosophical Society's 
Transactions has left me with insufficient opportunity for extending 
them. However, the foregoing remarks and quotations will, I 
believe, be sufficient to render intelligible the accompanying plates, 
and I hope be of use in tending to clear up some of the confusion 
which appears to exist, as to what structures should and should 
not be considered pyramids. In bringing the various classes of 
structures thus together, the main object has been to enable comparisons 
to be easily made, and after such have been accurately carried through, 
let men pronounce their verdict on the open question, " whether that 
which satisfactorily and undoubtedly explains evexy other so-called 
pyramidal structure, can as satisfactorily and completely explain the 
great Pyramid of Jeezeh P and if not, what other meaning than one 
somewhat tombic, but chiefly metrical, and pointing again to something 
still higher, does so explain it V 



III. — On a new Plastic Material, By Mb. EDHinn> Huirr. 



Read March 18, 1868. 



It having occurred to Mr. John Clark, jun., of Mile-end, Glasgow, 
that sawdust, hitherto looked upon very much as a waste product, 
might be converted to some useful purpose, that gentleman has re- 
cently been at the trouble and expense of some experiments with that 
material, and has obtained very promising results. Instead of patent- 
ing the process, his wish is to make it public. He has therefore 
requested me to lay before you the results he has obtained, in the hope 
that you may find them of sufficient interest to warrant this communi- 
cation, and in the hope also that some of you may be able to make 
further use of what little information he has been able to gather. Mr. 
Clark's idea has been, if possible, to reproduce the concrete condition 
originally possessed by the sawdust as wood, and he has succeeded in 



.110 PhilompkMxd ^^imMtff ^' Gt 

attMninflp bis object by oombiiiiii^ tiie mmdnaii with aniithiir 

flnfi in ivwiie cases ^th mon» thm one atfaer iwhutwirR. In. tfam 

a miietitre han hwn ohlauned wiiich is plartie or wminiiifL a^ m aoA- 

(nenUv eUsitrsted t-iemncratiunB. m diat it lan. be OMit or nwinfifcitf. xnta 

an^ ii^mrpd toim, hut which is at aidiiisrT tBnuier j iturea ijaifa^ hacdr 

(innfmj ami nongh. 

The prindiMl anhstoncs which 3Cr. Gark emplara bi ^wder tao d&et 
t]ie amal^ainatinn or (^iicrcftian of tiie ^ewdnst is aniphnr. TIis snr> 
(inst is takum either as it comes direetiv &Q11L die our. or it is jiat 
(Converted into chareosL and m^ted aaiphnr i> added to it in 4)iUHititf 
jnst •mtflcient to iHitonite it: It is tdien. pressed and aHowed Co <smiL 
trhen it forms a strong eohersnt nuteriaL capahle of bemg* applied to & 
variety of pnrposes. Abont a pnnnd and a half of snlplmr haa bc^ 
found mtflcient dor each poond of nwdurtL The compcnmd arnat be 
heated to a temperature of at least 235^ whoi it is about i» be mooUed 
int^ waif d^nd Ibrm; and it shooid be heated ni a cjiinder fifetsd 
tin^ a pistoB, so tiiat a sniBeient pressore may be broaght to bear on 
it to fcrcB it, hj a snitable outlet, finm die crfinder into the moaU. 
The monld is preferably made of cast inm^ and it riuHzZd be filled as 
quickly as possible, in order that the matpnal may not cool fatCbce ft 
feachmi every part of tiie moold. 

Bitmnen (asphalt) or common rosin may be snb sfcitute d for a pu K tiu n 
of the solphor; hot when mgnHfients are incbded that hare h^gkff 
meltiii^ potnis than that of snlphor, a eorresponifingly b^ber tsoi- 
peniore will be required to thoroagidy m^ the eompomid. Thos^ as 
common rosin melts at 275% the whole mixtnze most be riitd to at 
least that temperatore when it is introdoccd. The material may be 
worked at tiomewhat higgler temperatures than those indicated wxHioat 
mterfering with the results. 

I>ime, or any compound of lime, may be added to the plastic eocn- 
pOQnd ; and when it ia osed^ it is not necessary to p er fo rm the operatioB 
of moulding or casting quite so ra^Mdly as when there is no lime in it. 
A similar benefit is obtained by adding a little petroleum or other ml 
io the plsstie eompoond, particularly when rosin is one of the ingr^ 
dienis* Kragrant or scent-giring ingredients may be added to the 
oompmmd ; and it is one of the advantages of adding a little Erne. 
that it prevents the smell of the sulphur from being quite so eanly 
felt. 

The new material, when made with charred sawdust, is of a dark 
Mrlmir-^almimt black— and imitating ebony or similar dark wood. The 
n<UVti\fm of lime modifies the eobur a little. The material will bear a 
high polish. U may bo used with advantage for door handles, oma- 
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mental mooldiDgs, headings, and every variety of turners* and cabinet- 
makers' work ; for ornamental clock cases, jewel and other hoxes, and 
general decorative paraphernalia. 



IV. — On the Present State of same Branches of Iron Metallurgy, By 

Mb. St. John VinrcKNT Dat. 



Read April 1, 1868. 



As a mere art, solely practised according to the rough-and-ready teach- 
ings of *' rules of thumb," the manufacture of iron no longer remains ; 
for during the last decade more especially, the most skilful mastera in 
science have applied themselves to the solution of numerous impor- 
tant metallurgical problems, — ^the necessary investigations thus given 
birth to having laid the foundation for building up metallurgy 
in that advanced state wherein it may now in many branches be 
certainly considered to exist, daily progressing onwards towards com- 
pletion; although, from the latest discoveries that have been made, 
the metallurgist himself cannot avoid being deeply impressed with 
the conviction that he is as yet labouring only in the outer circle of 
that vast area which has to be travelled over, by continual plodding 
and perpetual discovery, ere that he can see the entire truths of 
metallurgic science laid out in order, each in its own place around a 
given centre. 

The rule of thumb, the routine of the trade, the acquired habit, 
both the art as well as prejudice of the past time and that now passing 
by us, are yielding to the all-conquering subjugation of scientific 
discovery, mathematical calculation, and chemical analysis. At the 
present moment, then, we are in the midst of a vast revolution in 
metallurgic practice. Surrounded by the chaotic confusion and tur- 
moil necessary upon such mighty changes, we scarcely know on which 
of the many processes that surromad us to-day to make our stand, lest in 
an extremely short time something greatly superior and immeasurably 
more advantageous crosses our path, — ^to the oblivion, because inferiority, 
of that concerning which we had beforehand heard so much predicted, 
and around which our hopes and interests are rallied. And although we 
cannot strictly mark out which precise steps in the progress of abstract 
science have been the nearest causes for recent changes in practice, 
yet we do find that all the modem innovations group themselves 
around two great ideas now practically realized, each of which has 



\ 
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formed, and is yet extending into an important serien of inveutioiit. 
These now practically realized notions, which we may consider in a 
metaphorical sense as centres out of which the changes in modem 
practice radiate, are :— first, the use of gaseous in place of solid fuel ; 
and second, the application of a forced air blast for decarburizing, de- 
silicatizing, and in general purifying the crude iron. 

Before proceeding to treat directly of the art and science of iron 
metallurgy, it is nght that I should shortly consider what may be 
called the commercial state of it at the present time, and the caoses 
which have led to the present condition in that respect ; for although 
at first sight the introduction of this element into this paper ia not 
strictly contemplated by its title, still, we shall find that by lookii^ 
more intimately at the style of treatment which metallurgy has receiTed 
in other countries, and comparing that with the more general practice 
at home, it is only by the more accurate paying attention to the 
highest teachings of applied science which has placed many countries 
in their present elevated metallurgical prosperity, whihtt as a nation we 
must feel humbled in having to admit that the neglect of such teach- 
ings is the cause of much depression at home. I think none of na faO 
to perceive that commercial prosperity now does, and more than ever 
in the future will, depend upon the careful attention to what science 
dictates: and we shall find that the so-called ''men of experience" — 
'' the thoroughly practical men,'' — and meaning by these terms those 
numerous heads of departments too often to be found at home, who 
work by mere dogma, without in any case troubling themselves to 
inquire as to principles, such we must find — nay, we do even yet find — 
giving place to the man who knows the principles and the application 
of them upon which his crafb is based. The so-called '' experi- 
enced " and " practical " man is in many cases so completely a mere 
rule-of-thumb-taught animal, that in reality, dependent on him alone, 
we have been misguided, and cither have stood still or have taken such 
leaps in the dark, that now, when the evil is upon us» we see the 
cause, and the cry for '' technical education *' is vehement. 

As to the Effecting of Economy in Fud. 

Equally important as the possession of the materials from which 
iron is made, is the reduction to a minimum of cost of the fuel by 
which these ores are reduced to the metallic state. For many years 
past it has been the practice in Continental ironworks to take off 
what is called the ''waste gas'' from blast furnaces, and employ 
them for heating the boilers which drive the blowing engines ; 
also for heating the blast. This was practised at Wasseralfingen, in 
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Wurtembur^, as long ago as 1832 a. d, ; * and perhaps in no other case 
have we a more striking example of the rIowdcss of British manufao 
turing enterprise to avail itself of the means so obvious for effecting 
an unormous economy. At last, in a certain district in the North 
of England, a healthy state of matters has shown itself. The Clere- 
laod ironmastera are not only setting a most telling example to their 
competitors at home, but the most reRned practice in the world is 
conducted in that locality. To a person nnacquainted with blast 
furnace practice, beyond being merely accustomed to see tons of tisefnl 
fuel flung away into the atmosphere as so much blaze of burnt gaii, 
the furnaces in Cleveland would, to such an one, appear not to be la 
operation, aa there the gas is, in most cases, now all utilized — with what 
eSecta I shall show in a subsequent part of this paper. Id Scotland a 
partial taking off of the gas was some years ago introduced at the 
Coltness Ironworks, for the purpose of calcining a clayband ore 
which is used there. This, however, ia only a very partial employ- 
ment of it. 

As a rule, in this country we find producers ore accustomed to tf^e 



■ At page 469, Melallurgy, Iron and Steel, by 
Dr. Percy, he transtates the folluwtng from Dcr 
FlammtiuffeidKlridi mil bTcnnbartn Oaten zu VtcIctT- 
hagea, voq Huttonmsl»tctor U. Pfort, 1842; being 
an account of an arrangement of a furnace working 
with charcoal aa the facl, at Veckerhagen. It ia 
reprcaented in the accompanyiaj; wood eograiioga : 
Fig. 1 is a vertical section of the month and throat 
of the furnace, throngh the centre ; and tig. 2 a 
horizontal section. Two cylinders of cast iron, a 
and b, each 5 feet high and 1 inch thick, but of 
which one Es 1 foot wider than the other, form the 
mouth. The inner cylinder, b, is a prolongation 
npwanla of the ahoft of the furnace, and between 
the ontmde of it and the inside of the outer cylinder 
ia an annular apace, 6 incjies broad, from which the 
gaa paaaea throngh the paasagea, c, d, e, provided 
with dampers, so that it may be aent through any 
one or more at wilL From c, the gas was oaed to 
heat the blast ; from d, to raiae ateam for an engine 
of K.X horse-power ; and from e, to carbonize wood 
in kilna. At Ebbw Vale the gaa ha* been taken off in 
a aimilar manner, except that only a nngle cylinder, 
7 feet 9 inches in diameter and 7 feet 9 inches liigh, 
was inserted in the mouth, the gas being withdrawn 
from the B|)ace between the outsido of it and the 
adjacent lining of the furnace. 
Vol. VL— No. 4. Y 
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a broad aspect of a manufacture, and from that way of treating it 
their appreciation of details is not nearly so complete as in the case 
of most Continental manufacturers. From this view naany work, an( 
without troubling themselves very much whether, in their practice, thej 
are following the most exalted application of principles, they have long 
remained content in making, by such and such a mode of treatment 
as much profit as they can, and there have rested. 

Fortunately for the iron manufacturers of Great Britain, it gener 
ally happens that the fuel is raised in combination with, or in ckw 
proximity to, the ores ; so that frequently one set of mines, and theii 
accompaniment of raising gear, is sufficient. On this very account ooi 
ironmasters have been able to make large profits, troubling them- 
selves no further; but all the while other nations have advanced, 
whilst, in respect of iron metallurgy, we to too great an extent have 
stood still, — the effects of which we are now beginning to feel in many 
instances rather acutely. 

It certainly is a good old proverb to '^ let well alone," but we must 
not forget to consider and act in accordance to the degree we may 
trust it. Unfortunately, too many of us are apt to rest our oars heavily 
on the assurance it brings. In no case has its real value been mors 
strictly exemplified than in that of the British iron manufacturer, 
who, now that our neighbours are doing for themselves all, and even 
more than they formerly relied on Great Britain to do for them, 
begins to feel that the race he has to run is with a set of fellow- 
men of far higher trained intellects, and who conduct their manu- 
facturing processes in a far more exalted and truthful way than 
has yet obtained, except in the Cleveland district, but in very 
few instances connected with iron manufacture at home. Without 
having attended to all the points of detail in a manner most accurate — 
without having sought after, and thereby discovered, means for econo- 
mizing every item of cost — it had been now, as it was but a few yean 
ago, impossible for the Continental iron manufacturer to compete 
successfully with the British. But what do we find? Why, this: 
that in countries where the fuel has to be brought for miles to the 
furnaces (these being usually placed near the sources of ore) — where 
both fuel as well as the other materials arc raised from the earth, often 
at enormous depths, and therefore at an expenditure far higher than 
anything we witness at home — still, with all these disadvantages, our 
neighbours are now able to receive orders from this country, and 
execute them 5 per cent, to 20 per cent. cheai)er than they can be 
met at home. I do not, of course, mean to say that this capacity of 
cheaper production is entirely due to the attention paid in every detail 
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of manufacture, by reducing each to its cheapest degree consistent with 
the highest quality of material and workmanship, — for the lower price 
paid for labour, and other causes which I need not enter into now, 
tend to effect an ultimate economy. And whilst I am fully aware that 
there are at the present time numerous men, some of them certainly 
to be considered able judges, who have and still are deprecating our 
present manufacturing condition to an undue degree, still it is im- 
possible for any one who is in that position, from his own special 
knowledge, and who is unfettered by trade or party interests, if he be 
led to consider the present state of nearly every part of the European 
iron manufacture, and compare with it the present state of the British 
— all the better if he be able to form a fair opinion from previous 
knowledge of the state of both ten years, or even less, ago — and seeing 
the strides Europe has made in this branch of industry when compared 
to Britain, to arrive at any other conclusion than that, whereas in that 
time, at home, we have made no widespread advance, elsewhere works 
have been planted in localities a few years ago all wood and dale. 
All over the Continent — in Russia, as well as Siberia — such works have 
found their way into existence, which now stand up as such mighty 
opponents to us in that quiet security we formerly enjoyed. Therefore 
we are alarmed ; and surely not without reason ; for it is not possible 
to foresee how the state of our iron manufacture generally is ever 
to be so lucrative as it once was. I particularly desire it to be 
understood that these remarks are confined to the producers of raw 
material; for there can be no doubt lefb in the mind of a competent 
judge, who has had the opportunity of comparing the work of 
Continental nations in converting material into structural uses, such 
as the manufacture of engines and machinery, that in general 
design they are frequently inferior to the best types produced in 
Great Britain. At home we may certainly take credit for surpassing 
the rest of the world in excellence of design for moving machinery — 
for adapting each part so as best to fulfil its own special function 
— and that of course generally means the most economical, and there- 
fore advantageous, disposition of material : in other words, our ideas as 
to form or proportion appear generally carried out in a much more per- 
fect way than elsewhere. The proportions and forms of some parts of 
machinery made on the Continent and in America are in many cases 
simply ridiculous; and in general, where we find a real excellence of 
design in a mechanical construction, whether it be a marine or Toco- 
motive engine, or a machine tool, it is usual to discover that such has 
been produced under British superintendence abroad, or not unfrequently 
copied from British models. These views, I should add, have been 
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gradually formed in my mind through a long course of coDsideration 
of the subject; and they have been chiefly extended of late by the 
opportunities of comparison offered by a recent Continental trip* bat 
more especially by a careful examination personally made at the recent 
exhibition in Paris. 

llcematUes. 

But, to return to the more direct subject of this paper, it is light 
for me to dwell briefly upon one of the ores of iron which has of late 
come so largely into request on account of the enormous trade growing 
up as the direct result of Bessemer* s great invention. The hsematites 
are the only ores which can be successfully employed by the Bessemer 
process, on account of their comparative freedom from sulphur and 
phosphorus, the highly oxidizing influence of the blast injected into 
the converter having entirely failed to eliminate these two substances 
from other ores. The hsematite ore is an anhydrous sesquioxide 
of iron, and occurs in four different conditions : — 

A. Amorphous, massive, and very dense, showing a conchoidal 
fracture, and of a bluish-gray colour. 

B. In mamillated concretions known as kidney ore, which, when 
fractured, shows a radiated fibrous structure, of silky lustre and a 
steel-gray coloiir. 

C. As a sofb pulverulent mass. 

D. As specular iron. 

The knowledge of the existence of these ores is of very ancient date, 
and there is reason to believe they were worked as long ago as the time 
when the Romans occupied this country, and who manufactured so 
largely from the Forest of Dean deposits; since which time, and until 
quite recently, these haematite beds had remained almost untouched. 
The peculiar property of iron made from haematite ores is red-shar^ 
71688 ; and for that reason, by itself, it is comparatively worthless for 
being used as a material from which to make malleable iron. Some 
years since, however, its admixture with certain less pure ores was found 
to greatly improve the iron made from them. The hsematite deposits 
of West Cumberland spread over an area of about 20 square miles. 
Its geological position is not very definite, as in some cases there are 
indications of its having been deposited during the carboniferous, at 
others during the permian, epoch. It is usually found in large 
irregularly-shaped beds known as pockets, and sometimes in long 
sinuous veins. The deposits sometimes, although not frequently, are 
above 30 feet thick, but generally about 8 feet.* 

* lo Scotland, while haematites are known to exist in several localities, but 
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Reduction of Ores to the Metallic State. 

Under this head there is very little, if anything, novel that 
may yet be considered worth our while to dwell upon, but I may 

few of them have been yet worked, either from some defect in the ores them- 
selves, or from the sites of their existence being awkwardly placed for transit 
to existing ironworks or the sources of fdeL At Whytock, in Ayrshire, a highly 
silicious haematite ore was long worked; and since then deposits have been 
discovered as far north as Aberdeenshire and Morayshire, and more recently 
in the south, near Auchencaim, Kircudbrightshire, as well as in Haddington- 
shire. For the following analyses of the Aberdeenshire and Morayshire haema- 
tites I am indebted to Messrs. Granger Brothers of this city, who hold the 
minerals at Donside, Forres, and Fort Augustus : — 

ANALYSES. 

Donside. 

I. n. ni. 

Peroxide of Iron, . percent, 65*36 81*45 76*08 

SiKca, .... „ 21*34 6*08 12*36 

Alumina, ... „ 2*32 2*14 3*20 

Metallic Iron from each, „ 45*75 57*02 53*25 

Forres. 
Peroxide of Iron, percent., 74*00 

SiHca, „ 13-30 

Alumina, „ 3*66 

Metallic Iron, „ 51*80 

Fort Augustus. 
Peroxide of Iron, per cent., 74*40 

Protoxide, „ 6*47 

Silica, „ 1072 

It is singular that no sulphur or phosphorus make their appearance in these 
analyses. It is hardly to be supposed that none exist, as other hsamatites, 
although always containing these elements in less quantity than any other 
British ores, nevertheless do contain them in proportions easily detected. 
I suspect that — what is so often the case with commercial analyses — they were 
not carefully looked for. 

AUCHENCAIRN OrE. 

This has been reported upon by the well-known metallurgist, Mr. Robert 
Mushet ; and I present the following analyses and remarks frt)m his report : — 

*'The Large Kidney Ore No. 1. — This is a red haematite kidney iron ore 
precisely similar to the hsematite kidney iron ore of the Whitehaven district in 
Cumberland. It is composed as under : — 

Peroxide of Iron, 88*00 

SiUca, 11-53 

Alumina, '47 

100*00 parts. 
And its yield in metallic iron is 61*60 per cent. 



318 Philosophical Society qf Gla$gow, 

merely mention that some attempts have been made to effect the 
direct reduction of the ores by gaseous fuel, among others by that 
▼ery learned metallur^st Mr. C. W. Siemens. The object has been to 
supplant the blast furnace ; but so far, I believe, there has been no 
real success. Indeed, in the present state of our knowledge of the 
series of changes which it is necessary for the ore to undergo by a 
properly-ordered succession of actions upon it, it is difficult to foresee 
how the employment of anything very far different from the blast far> 
nace is to be brought about ; for as the materials of the charge gradually 
descend, they are being as gradually brought under a series of influences 

"No. 1 Small Kidney Ore.— Tliia is almost perfectly pure penndde of 
iron, and is composed as under : — 

Peroxide of Iron 98*43 

Silica, 1*57 

Alumina, a trace, 0*00 



100-00 
The yield in metallic iron is 68*91 i>cr cent. 

" No. 2 Black Metal. — ^This is a compact black oxide of iron, compoMd 
as follows : — 

Peroxide of Iron, 79*46 

SiUca, 14*07 

Alumina, 1*36 

Moisture, 5*11 



100-00 
The yield in metallic iron is 55*63 per cent. 

"No. 2 Black Metal EIidnet Ore and Red Ore mixed as worked 
together. 

*' The red ore or stone in this mixture is rich in iron, ranging from 44 to 63 
per cent, yield in metallic iron* Its average comjiosition is as follows : — 

Peroxide of Iron, 73*98 

SiUca, 17*45 

Alumina, 1*04 

Magnesia, 3*22 

Moisture, 4*31 



100 00 
The yield in metallic iron is 51 *79 per cent. 

''B No. 1 Iron Ore. — This is a nearly pure oxide of iron, composed as 

follows : — 

Peroxide of Iron, 97*33 

Silica and Moisture, 2*67 

100-00 parts. 
The yield in metallic iron is 68*14 per cent." 

Specimens of these various ores were exhibited to the Society, as well as 
others from various parts of EIngland, including the Devonshire ores. 
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by which the metal and its impurities are separated, or the ore 
reduced, by the time it reaches the lower regions of the furnace. Mr. 
Siemens has put his process in operation at his own works in Birming- 
ham, from which a small piece of steel was produced and exhibited last 
year at Paris. It was tried at Barrow in Furness, also at the Atlas 
Works, Glasgow, but in both cases, I understand, he succeeded only in 
making slag or very coarse glass. However, we must not speak for or 
against this until it is subjected to a more rigid proof. Other processes 
— that of Mr. Henderson's of this city, and one or two for making steel 
from Cleveland pigs — are said to be ripening into existence ; but their 
being as yet in the experimental stage alone, it is prudent at present 
to do no more than mention them. 

Then, although there is nothing new or marked as yet practically 
developed in the methods of reduction themselves, there have been 
some experiments made in this locality of late which point towards the 
effecting of considerable economy in smelting the richly carbonaceous 
ironstones. These have been made by Mr. Henry Aitken, of the Almond 
Ironworks, Falkirk, and consist in retaining as much as possible of the 
carbon in the ore by carburizing or coking it in ovens or closed pita, in 
place of driving and burning it off by the old mode of calcining in open 
air-heaps. Now, as all ironstones contain considerable quantities of 
carbon, — some, however, such as the blackbands and ores from the 
coal-measures, in much greater proportion than others, — ^it is evident 
that if we can retain the carbon, or a great portion of it, we need 
so much less coke or coal for reducing it in the blast furnace. I 
am informed that in some experiments with blackband ironstone, 
enough carbon has in this way been retained to effect the reduction of 
the ore with half the quantity of fuel hitherto used. It is difficult to 
see any valid reason why this mode of treating the ore is not the very 
right thing to do ; and although the experiments are as yet in a very 
crude state, they are, in my opinion, so important that I have felt it a 
duty thus far to mention them.* 

I now proceed to consider the present state of some branches that 
we may give more particular attention to, as being the present practice. 

Blast Furnaces. 

In the construction of blast furnaces there is not much to note 
except in the enormous increase of dimensions. In the older iron 
districts of this country but few new furnaces have been recently 

• At the time of reading tho paper the experiments were in a crude stat^. 
I learn, however, now (May 16), that one at least of the Almond furnaces is in 
constant work with the carburized ironstone. 
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erected ; they therefore remain much as they have been for a yeiy bog 
period. The case, however, is different in the more newly developed 
iron-producing localities of Cleveland, North Lancashire, West Cumber- 
land, and parts of Wales and Scotland. The present rule is in most 
cases an increasing height and diameter, although there is reason to 
fear, as I shall hereafter show, that height in some instances has been 
carried to too great an extent. 1 propose to treat of the peculiaritiei 
of blast furnace practice in each of these districts separately. Passing 
over Staffordshire and what we may call the Midland iron district, 
wherein there is nothing particular to recount that is not found in t 
more marked degree elsewhere, we may at once proceed to the Cleve- 
land district. 

In this district the largest furnaces in the world, and the most 
economical modes of working, are to be found. The Acklam furnaces at 
Middlesborough (in vertical section, Fig. 3), built by Mr. Beckton, were 
three years ago the largest ever constructed, being 22^ feet in diameter 
at the boshes, and 70 feet high from the bottom of the hearth to the top 
of the brickwork. Each of these is capable of holding 1,2<50 tons of 
material, and turn out about 350 tons of iron per week. In these furnaces 
the angle of the boshes is much steeper than it has hitherto been the 
practice to adopt, being 68° with the horizon, while one of the Orm^by 
furnaces, belonging to Messrs. Cochrane, has its boshes inclined as 
much as 75°. In the construction of blast furnaces the proportion of 
masonry employed is, proportionately to the dimensions, much reduced. 
Instead of being constructed entirely of stone and brickwork, held 
together by iron hoops at intervals, the masonry is now frequently 
built up inside a malleable-iron jacket which envelops it. The 
direct result of these large furnaces has been the effecting of very great 
economy. Instead of using 36 cwt. of Durham coke per ton of pig 
iron produced, that is now reduced to 26 cwt. — in some cases even less 
— as it is said some of these produce I ton of pigs with 21 cwt. of coke 
from an argillaceous ironstone containing only about 31 per cent, of iron. 
Messrs. Bolckow, Vaughan, & Co. erected two furnaces, characteristic 
by their peculiar proportions, of only 16 feet boshes, and 95 feet high. 
These furnaces have worked well, and there has not been, so far as I 
understand, any difRculty in getting the blast to ascend through the 
materials, neither have the furnaces choked or " gobbed up," as was 
supposed ; and instead of consuming 1 ton of coal per ton of pig iron 
as formerly, for heating boilers, blast ovens, and calcining kilns, 10 
cwt. suffices. The blast is now heated to much higher temperatures. 
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A few yean ago the maiimum temperature employed was 500°, this has 
now crept op to 700°, 800°, 900°, and even 1,050° and 1,100', quite 
recently, and tlie probabilities are we shall ere long employ higher 
temperaturea still. A great part of this economy is attributable 




directly to the use of blast fnmace gases for firing the boilers and blast 
orens, and much, no doubt, to an increased efBciency in management. 



322 PltUosophkal Society ofGhtsgow, 

The materials employed in the Acklam furnaces average about 6 tons 
to each ton of pig iron produced, the proportions of each being — 

TOTB. 

Cleveland ironstone, . . . .3*5 

Limestone, . .0*75 

Coke, ....... 1*30 

Coal, ....... 0*50 

6 05 
or ahout 4*25 tons of raw materials, independent of the fuel. 

Since the erection of the Acklam as well as the Ormsbj furnaces, and 
through their economical working having become known, dimensions 
have still further increased. Indeed, in the Cleveland district capacities 
per furnace of from 25,000 to 30,000 cubic feet are becoming the 
rule, the boshes of some furnaces at Stockton being as mnch as 26 
feet in diameter ; whilst the Ferryhill and Bosedale Co. have erected 
a pair 27 feet in diameter, with a height of as much as 102 feet 
Unquestionably the ironmasters of this district have set a good 
example to those in Wales, Staffordshire, and Scotland ; and the 
economy they have effected, by paying attention to true principles 
in construction and practice, has been seriously felt in this locality 
by a great stagnation in the demand for Scotch iron, owing to the 
lower price at which the Cleveland masters are able and willing 
to supply the market, whilst they, too, labour under the disadvan- 
tage of possessing an inferior ore to deal with. Fig. 4 is a vertical 
section of another of the furnaces of this district (Tees-side), the 
dimensions being fully laid down upon it. They are indeed affording 
a most marked lesson to Scotch ironmasters more especially ; and as 
soon as the contemplated means for diminishing the cost of carnage 
of iron from the Cleveland district to the South is carried out, there 
can be no doubt but that, in other districts, it will be compulsory 
to alter the furnaces and mode of working them, to meet the increasing 
competition that will then present itself. As it is, so much economy 
is found to depend on the mere size of the furnace, that the older 
furnaces in the Cleveland district are, as soon as blown out, immediately 
enlarged, to enable the earlier to compete successfully with the more 
recent practice. 

In considering the present state of this particular division of my 
subject, I should leave it incomplete did I not attempt to show 
some, at least, of the causes why increase of dimensions is found so 
conducive to economical working. Directly, it is due to the great 
power of burthen of the coke of the district, generally known as 
Durham coke. Its resistance to compression was determined a few 
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years ago by Mr. Bell, of the Clarence Ironworks, and he found that 
a 2-inch cube carried while cold a weight of 25 cwt, and when hot, 1 
ton, before crushing. The ironstone ia not broken up into small lumps 
as elsewhere, but charged in large blocks, so that, combined with 




Fig i 

the great supportmg power of the coke, the uao of ironstone in this 
form enables a very high column of materials to be supported, whilst 
the space between the lumps of stone la lai^fr, and the choking of the 
fomace by the weight of the charge la thus prevented, giving at the 
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same time plenty of freedom for the passage upwards of the blast and 
gases evolved from the lower regions of the charge. With the great 
height employed, the maximum quantity of heat which it is possible 
to so utilize is taken up hy the charge, and therefore the temperature 
of the escaping gases is lower than in furnaces of a less height. 
These considerations point out distinctly that it would be mere waste 
of fuel to use a higher temperature in furnaces of less height, because 
the temperature of the escaping gases would he necessarily higher; 
and thus we see that the economical upper limit of temperature which 
it is possible to use is strictly dependent upon that which governs the 
height of the furnace — viz., the burthen which the materials in the 
furnace are capable of carrying — so that the more we increase the 
height of our furnaces, in the same ratio may we increase the tempera- 
ture and pressure or column of the blast — the latter to enable it suffi- 
cient ease of ascent through the increased depth of charge. 

It is very important to our iron industry to know the compressile 
resistance of the various kinds of coke employed in blast furnaces ; and 
since it is evident how largely the exact knowledge and utilization to 
its utmost of this particular is likely to affect our pig iron manufac- 
turers, it is to be hoped that they will not be slow to institute a set of 
experiments to determine it. I do not know of the existence of any 
series of reliable experiments on this point; but judging from the 
most recent practice in Wales, at the Cwm Celyn Ironworks, where a 
furnace of enormous capacity has been erected, the resistance to crush- 
ing of the coal or coke there employed must be far below that of the 
Durham coke. It is to increase of diameter also that economy is 
due ; for if we double that, we increase the capacity fourfold by only 
doubling the radiating surface. There can hardly be a doubt left in 
the mind of any one, I think, who is capable of forming a fair estimate, 
but that all furnaces, even in Scotland, where we have the difficulty of 
a soft caking coal to contend with, but that the furnaces might be 
enlarged with immense advantage. Such practice, following as closely 
upon that of the Cleveland ironmasters as the nature of the materials 
will admit, would save an enormous sum to the Staffordshire, Welsh, 
and Scotch districts. 

Barrow, in Fumess. 

At Barrow, in Fumess, the furnaces are arranged in groups of six — 
two of which groups are, I believe, now complete, those last built being 
the larger. The geographical position of these works, which are cloee 
upon the sea-shore, constituting one feature of the material facilities 
the Company possess for exporting the produce, together with the 
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command of boundless capital, as well as the scientific treatment bj 
which the manufacture is governed, place these works in one of the 
most commanding positions in the world. The blast furnaces are not 
so large as those in the Cleveland district, the largest being 56 feet 
high and 16 feet maximum inner diameter. The tapping takes place 
every six hours, giving about 20 tons at each " run out." One ton of 
coke is used per ton of iron produced, — this being remarkably low 
when compared with the consumption in some other districts. But, 
of course, much of this economy depends upon the rich quality of the 
haematite ore smelted, which contains from 55 to 60 per cent, of iron; 
but as the silicon is also present in large per centage, as much as 30 
per cent, of lime is required to flux it. 

The charge per ton of iron produced runs thus : — 

Cwt 
Raw ironstone, .... .34 

Coke from Darlington, from 19 to 21 

Limestone, . . 6*5 to 7 

At these furnaces part only of the " waste gases " are taken off — 
this being effected on a plan introduced by Mr. J. J. Smith, a manager. 
Each furnace has six openings at the crown, separated from each other 
by brickwork. These form a ring at the centre, which constitutes the 
support for a vertical gas tube of brick. The openings serve for charg- 
ing the furnace through, and as the materials are maintained at a level 
considerably above the crown, the greater portion of the gases pass 
off by the central tube. Those portions of gas which do escape are 
burnt in a flame at the furnace top.* Each furnace has six tuyeres, from 

* The furnace has a dome at its top formed of six arches of fire-bricks, c, Fig. 
5, which unite at the cro¥m in a ring of 4 feet internal diameter, d^ and thereby 
form the basis for the vertical gas tube erected upon the top of the ring. The 
vertical brick cylinder which forms the gas tube is surrounded by an outer 
cylinder, (/, constructed of fire-bricks, and resting upon the inner brickwork 
of the furnace itselfl This is 11 feet 6 inches internal diameter, and has six side 
openings, /, opposite to the holes formed between the six arches of the dome. 
These side oi)ening8 serve as filling holes for charging the fdrnace, and the 
materials are kept at a level considerably above the crown of the dome, so 
that the greater portion of the gases is drawn off through the central tnhe, 
and only the remainder makes its escape up through the filling holes and 
between the two vertical cylinders. 

Mr. J. T. Smith has also applied another arrangement, dispensing with the 
internal vertical tube, and carrying the gases off sideways instead of taking 
them to the top of the outer cylinder first. In both forms the arrangement has 
given satisfaction on account of its certainty, and its i)ermanent action without 
the necessity for frequent repairs. 



326 PkilotrjiJucal Society o/Gtoiyctc. 

2'5 to 3'5 inche* tlianictcr ; the bU^t pressure from 3 to 3'5 llw. per 
M)ture inch ; and u ln-at^tl from 6U0' to 65u' Fiihrenhdt. 

In chttrging theae fiiruacci", it is the practice to throw in the mate- 
rial* through five of thi; oponinga in succession, and not to chai^ 




through the sixtli — the object being to produce a Bomewbat spiral 
Uyur of loose materials neit the sidtB of the furnace ; and it is found 
that the aidea are thus maintained in better condition, whilat any irre- 
Hpilarity ill the gathering of the materials in any one place U prevented. 
Adcr ouo chnrgiug round ia completcdi except through the last open- 
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iDg, the same operation is repeated, care being taken to commence 
each rotation through the next opening in front of that through 
which the Itiat preceding rotation had been commenced. 

Scotch Bloat Fumaceg. 

To a large extent in Scotland the masters have the good fortune of 
possessing a rich ironstone in contact with the fuel necessarj for smelt- 
ing it, whilst the furnaces are placed almost at the pit's mouth, and in 
these respects the Scotch ironmasters stand in a better position than any 
others. It is, no doubt, owing to first costs being thereby so much lower 
than in other districts that our producers have troubled themselves 
so little about economical working The waste of fuel in Scotch blast 
furnaces is most notorious , and while, even in these dull timet, 
when most of them are blowu out, 
a most fitting opportunity to make 
alterations or improTements, it is 
a deploring tmth to utter, that we 
do not find the ironmasters usmg 
any means for placing themselves m 
that position whereby they may, if 
they will, compete more successfully 
than of late with the ClcTeland 
masters, and enable themselves to 
hold that particular, and to a great 
extent supreme, position which they 
BO have long enjoyed. But we may 
rely that the time is not far distant 
when, if they intend to hold their 
own, they must submit to and follow 
the teachings of science in practice 
Let us briefly consider what the , j^ 
present state of blast furnace prac- 
tice in Scotland is. 

We possess a richly carbonaceous ore, which, when calcined, contains 
from 65 to 70 par cent, of metallic iron. It is reduced at a lower 
temperature than many other ironstones ; and, containing 05 to 075 
per cent, of phosphorus, although certainly less than some other iron- 
stones contain, it melts at a low temperature. The fuel used for its 
reduction in the blast furnace is raw coal. Now, from 2 tons to (in some 

* Fig. shows the top of one of tie Dundyvan fnmacoa, and the arrangements 
for taking off the gases therefrom a few years since practised. 
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cases above) 2*5 tons of coal are charged into the furnace per ton of pig 
iron produced, and this is quite independent of that employed in addition 
for heating boilers for driving blowing engines and heating blast, as we 
must not forget that not an inch of gas escaping from the fumaoe is 
utilized, but the whole of it recklessly permitted to cast its heat-power 
into the surrounding atmosphere ; whereas in using coal for smelting, 
the volume of gases which escapes is immensely greater than with coke, 
as all the volatile substances pass off in this way, and are therefore 
available as so much more fuel capable of being usefully applied in the 
works. But, not to be hasty, let us compare this state of matters with 
that of Cumberland and Cleveland. In the former case, when pre- 
viously speaking of the practice at Barrow, it was shown that from 19 
to 21 cwt. of coke was used per ton of iron produced ; and in Cleve- 
land as low as 17 cwt. is sometimes obtaine<i. Now, to make a just 
comparison with Scotch practice, we must convert the quantity of ooal 
employed into its equivalent coke, because it is only those parts in it 
which would form coke if it were carburized that even when used as 
coal are really available for smelting. Scotch coal contains from about 
57 per cent, to 65 per cent, of matter which will form coke ; and if we 
suppose, as we safely may, 60 per cent, for an average, we find that, in 
coke value, about 30 cwt. is used per ton of pigs produced ; that is 
to say, in other words, that in Scotland, including the fuel for blast 
ovens and boilers, and working with the richest ore, the fuel consumed 
per ton of iron is more than double that of the best English practice 
with the most inferior ores to deal with. Neither mav we omit to con- 
sider, in addition, that whereas in Scotland only from 2 to 2*25 tons of 
ore and limestone are charged per ton of iron, at Cleveland 4*25 tons 
of ore and limestone are used ; while in the haematite district, where 
the per centage of iron in the ore is not much below that in the Scotch 
blackbands, the weight of the two materials is about 2 tons. 

The foregoing are not all the facts that may be shown up as indi- 
cative of the evils going on at our very door; for we must consider 
the production per furnace. In Scotland this is seldom over 200 tons 
per week in the largest furnaces — more frequently less — whilst at 
Barrow this reaches 500 tons, and even more, per week. What then, 
under these facts, is it the duty of our ironmasters to do P Most 
assuredly not to live in laissez faire any longer. The remedy is easy. 
In the first place, let them utilize their ** waste gases ;" and surely as 
it is found in the Cleveland district to pay to pull down their old fur- 
naces and build larger, the same thing must be done in Scotland. It 
is true the soft coal here prevents the carrying of great burthen, hence 
it is no use to increase the height of the furnaces, but we may enlarge 
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their bulk; for, as I have before shown, although we quadruple the 
capacity of the furnaces by increasing ^the diameter, we only double the 
radiating surface.* I am aware that exception may be taken to pull- 
ing down existing furnaces, on account of the necessity for immense 
immediate outlay. Then, although the furnaces remain as they are, 
that is no reason why the gases from Scotch blast furnaces should not 
be utilized, for at present certainly less than one-half of the fuel is all 
that is effectively employed. To show that it will not do to increase 
the height of Scotch furnaces it is only necessary to mention that, 
with their present height of 40 to 50 feet, it is difficult, when the 
materials approach the tuyeres, to keep the hearth clear of solid matter 
falling down, this necessitating the employment of several men to keep 
the hearth clear from such lumps, which they lift out through the 
cinder-bole by means of bars. As to increasing the temperature or 
pressure of the blast, it will be no use to do either, for the furnaces are 
not high enough to give any advantage by so doing. 

Welsh Blast Furnaces, 

In the present blast furnace practice of Wales there is little to 
recount but what is treated of in the preceding remarks as applied to 
other localities. I may, however, allude to some of the Ebbw Yale 
Co.'s furnaces. 

At Shirhowey, in Tredegar, the Ebbw Vale Iron Company have four 
furnaces, the highest of which is 72 feet 3 inches, and 16 feet diameter 

* I believe that, at the Coltneas Ironworks, Mr. Houldsworth many years 
ago utilized, with notable economy, some of the waste gases for calcining a 
clayhand ironstone which is smelted there ; and I hear that recently, at Jjang- 
loan, Messrs. Addle have been condacting some experiments for utiliziDg the 
gases, according to a plan proposed by Mr. F. Kohn ; but I am not yet suffi- 
ciently acqaainted with the details to state what results have been obtained. 
The accompanying fig. 7. Near the top, an annular flue or channel, c?, is formed 
in the thickness of the sides, and this annular channel has a ring of rectangular 
or other shaped ai)erture8, e, forming the communication between it and the 
interior of the furnace. On the opposite sides of the furnace, two openings are 
made in the wall, on the outside of the annular flue or channel, c^, for the 
insertion of two elbow branches opening into two pipes or flues, /. The 
opposite ends of these pipes terminate or open into the main pipe or flue, ^, 
which communicates by branch pipes, A, placed upon it at convenient distances, 
with the calcining or roasting ovens, i. Each kiln has two inlet pipes for the 
gas. Each branch, A, in place of passing directly into the kiln, opens into a 
small detached furnace or fire-place, ^', placed there for the purpose of igniting 
the gases previous to their entering the kiln by the pipes, ICy opening from the 
upper i>art of the ignition furnace into the annular flue or channel, /, formed 
in the thickness of the wall, near the base of the kiln. 
Vol. VL— No. 4. z 
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at tbe boshes. Its make is 250 tons per week ; and it is chieflj em- 
ployed iu smelting the white and brown spathose ores from the Bien- 
don hills in Somersetshire. It makes a good iron for conversion into 
steel by the Bessemer converter. The fuel is coked, whilst at other 
works in Wales it is used raw. 

In some of the Welsh ironworks the cost of fuel has recently been 
much economized by the introduction of coal-washing. The small 
coal formerly was lost ; but this is now separated by washing from 
pyrites, shale, and other impurities, which, from their higher specific 
gravity, sink to the bottom of hopper-shaped tanks, which are kept 
full of water. The bottoms are opened at intervals, and the heavier 
portions then fall out, the remaining material being afterwards coked, 
making a fuel very free from sulphur. Coal- washing has long been 
practised on the Continent ; and the sooner we see its imiversal intro- 
duction into Wales and Scotland, and, indeed, into every place where 
coal is used in the blast furnace, the better. 



We find generally in Europe that the trade of the older iron districts 
is on the decline. We are, indeed, passing from "an age of iron" 
to " an age of steel " — this being one of the results that have attended 
the introduction of the Bessemer process. Wherever we go we meet 
with blast furnaces being erected for smelting the red haematite ores — 
the only ore yet available for producing iron that can be successfully 
used in the convertor, on account of its small per centage of sulphur 
and phosphorus. Nearly all the blast furnaces that have been erected 
in this country during the last five years are in the haematite districts 
of Lancashire and Cumberland. In Germany the demand for this 
material is so great that new furnaces are springing up in the haema- 
tite districts there also. In Hanover the Georgs Marienhiitte has 
increased its number of blast furnaces to five, whilst another great 
iron-producing district is springing up near the Saar, where there is 
fortunately abundance of coal that makes a good c^ke. The ore, which 
is argillaceous, lies on the surface of the ground, and contains about 
33 per cent, of iron. The French and Prussian governments have 
carried out the canalization of the river to Saarbriicken, and new blast 
furnaces are being, or about to be, erected on its banks. From the 
immense facilities here possessed in every way for producing iron at a 
most economical rate, and considering also its geographical position, 
there can be httle doubt but it will become one of the most important 
iron-producing centres of Europe. In Prussia the Coin Musen Com* 
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pany have erected five or six new blast furnaces for the production of 
spiegeleisen pigs; and in Siegen, the very centre of the spiegeleisen 
manufacture, the production is continually increasing ; and in many of 
the ironworks where charcoal was formerly employed, this has been 
substituted by coke, adding considerably to the production of the 
furnaces — the fuel being brought from the neighbourhood of Essen 
by the railway which has only recently been opened up. In France 
the iron manufacture is in a less fortunate state than elsewhere on the 
Continent ; for, possessing usually very poor ores at home, they have to 
import from abroad. England, Elba, Sardinia, and Algiers, are the 
sources of ore from which the best iron in France is obtained. 

Blast Stoves, 

With the high temperature of blast employed in the Cleveland 
district, some persons thought the heating pipes would be rapidly 
deteriorated. Now, however, it is the practice to provide a much 
larger extent of surface per volume of blast forced through them. More 
than a foot of surface is now allowed per cubic foot of blast supplied 
per minute; whilst with temperature near 300° Fahrenheit, as formerly 
employed, from 250 to 500 feet of surface only were provided per 1,000 
feet of blast per minute. That is now raised in the Cleveland district 
to between 1,200 and 1,300. 

Conversion of Pig Iron into Malleable Iron and Steel, 

In the conversion of pig iron into malleable iron, this is generally 
effected on the long-practised method ascribed to Cort; but the 
rapid growth of newer modes point unmistakeably to the discontinu- 
ance of that practice, and the adoption of the true and more rational 
means which have so recently presented themselves. Cheap fuel is a 
commodity that every malleable iron manufacturer may now avail 
himself of. He need be no longer dependent upon having the fiiel 
stores in the immediate locality of his works, neither need he feel 
so much concern for the cost of transit from a long distance, as the 
employment of gaseous fuel enables the utilization of the very 
commonest and worthless dross, and even lignites that we may 
chance to obtain. 

In the early part of this paper I mentioned as a source of the great 
progress of present metallurgic practice the employment of gaseous 
fuel. This, most of us know, is very largely carried out by Mr. 
C. W. Siemens. For metallurgic purposes its value seems to have 
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been first appreciated by M. Majr of Leoben, in Stjria, who was the 
earliest to use it for making crucible steel The Stjrian ironworks are 
situated unfavourably with respect of fuel supply; and as the Siemens 
regenerative furnace is capable of utilizing the most inferior kinds of 
materials, M. Mayr was by its means enabled to use lignite, which, 
when burnt in the ordinary manner, will not produce enough heat 
for metallurgic purposes. 

In Great Britain, as well as all over the Continent, the Siemens 
furnace is now largely used in iron and steel works for puddling^ and 
melting iron and steel and reheating blooms. In France its use has 
paved the way for one, if not two, highly valuable processes, which 
without it could not have been worked. I refer to the Martin steel 
process and that of M. B^rard — the former an established method of 
working now in other countries besides France, and the latter not yet 
fully developed. There can be little doubt that, as soon as circum- 
stances permit, we shall find the Siemens furnace — or some modifica- 
tion of it, as Mr. Gorman's of this city, and which is, I believe, in use 
at the Govan Ironworks — exclusively used for puddling, for by such 
arrangements we are enabled to alter the character of the flame to any 
state we may require according to the nature of the material we desire 
at any time to produce in the furnace. 

m 

Richardson Process. 

I have now to lay before you some remarks connected with certain 
departures from the ordinary run of malleable iron manufacture, which 
have been developed chiefly in this locality, but now practised at 
two or three works in England, and recently put in operation at 
Sireuile, in France. At the same time, preparations are being made for 
its extension into Belgium, Austria, and elsewhere. What I refer to 
is that which has become known as the " Bichardson process." So far 
as that mode of working has yet been employed (for the whole of it 
has not been fully put into operation), it consists in injecting a 
blast of compressed air below the surface of a charge of molten pig iron 
in the puddling furnace immediately that the iron is melted, and con- 
tinuing to inject it until the metal begins to boil, at which time the 
injection is stopped — in other words, the blast is withdrawn. The 
effect of introducing a "forced air blast" at this particular stage is to 
decarburize and desilicatize the iron in a much more rapid way than 
by the mere passing of oxygen over the charge, as hitherto practised ; 
and instead of occupying from twenty-five to thirty-five minutes to 
bring the iron to what is known as '' the boil," this by the forced air 
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blast is effected in from ten to Hfbeen minutes. In this manner it is 
evident that at this stage of conversion great economy of time is ob- 
tained ; and the other impurities, besides carbon and silicon, are oxidized 
out of the iron in a much more thorough degree than has been hitherto 
obtained. After the injection of blast is stopped, the charge is worked 
up in the ordinary manner of puddled iron. As far as the time occu- 
pied in puddling a charge is concerned, this, with common iron, is 
reduced from a quarter of an hour upwards. With a better class of 
pig iron the economy of time is gpreater stilL Now the direct effect 
of the higher purifying influence thus brought to act upon the charge 
is to enable inferior pig iron to be used for making a better finished 
iron than has yet been obtained from the best pigs. The iron is 
considerably stronger ; indeed, some of the bars made at Parkhead, which 
have been tested at Govan, give, according to Mr. Beardmore's state- 
ment, a tensile strength of 27 tons per square inch — that is, 1 dare say 
most of the members of this society are aware, 5 tons above the 
Admiralty standard. Then, again, the extreme certainty of the process 
is remarkable to a degree. Out of the hundreds of tons of iron that 
have now been made in this manner, not a single bad bar has been met 
with ; whereas we know that afber having been in use for nearly a 
whole century, even now puddling cannot be relied upon to produce 
continuously a similar quality of metal. 

The period from the melting to the boil with the iron used at Park- 
head, under the common method of puddling, occupies from twenty-five 
to forty minutes; this, by the Bichardson process, is reduced to ten 
minutes. The temperature of the furnace being higher, the period 
from the commencement of the boil to that when decarburization and 
desilicatization are completed, and the iron separates from the slag 
and cinder, is again reduced. But the balling operation is of a little 
longer duration than under the old method, on account also of 
the greater temperature, the granules of iron requiring time to 
cool down to that temperature at which they adhere when pressed 
together. 

In these experiments the time of working a charge composed entirely 
of Scotch pig was brought down to one hour and eight minutes, whereas 
the usual time is from one hour thirty minutes to one hour forty-five 
minutes under the old method. The yield is considerably higher; so 
high, indeed, as to require only 21 cwt. 1 qr. 17 lb. of pig iron to 
produce a ton of malleable iron, showing a loss on the conversion of 
only about six per cent Then as to the purity of the iron, it is 
remarkable. Two samples which 1 sent to Dr. Stevenson Macadam, 
of Edinburgh, to be analyzed, have given the following results: — 
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ANALYSIS. 

NAME OF ELEMENT. SQUARE BAB. ROCriTD BAR. 

Iron, 99*569 99-648 

Carbon, 0*035 0-031 

SiUcon, 0-076 0-075 

Sulphur, 0-025 0*028 

Phosphorus, 0*031 0*034 

Manganese, trace trace 

99736 99*816 

We see the sulphur and phosphorus are within the merest shadow of 
heing entirely eliminated, evidently showing that some special influence 
roust be present, when puddling iron according to Richardson's system, 
that is not found elsewhere. Iron never has heen made from British 
ores on a commercial scale so pure as in these two instances. Made 
from inferior Scotch pig, which always contains such a very large per 
centage of these two elements, the extent of their elimination is all the 
more remarkable. 

We have now to consider the extent to which phosphorus and 
sulphur are removed in the ordinary process of puddling^. On the 
present occasion, then, I shall, to shorten the time I am occupying, 
merely hring forward analyses from the very best makes of malleahle 
iron I have met with, some of these heing taken from Dr. Percy's 
excellent work On Iron and Sled. An armour plate made at Lowmoor 
was found to contain 0*104 per cent, of sulphur and 0*106 of phos- 
phorus. Now, the mean values for Yorkshire pig iron are — 

Sulphur, 0*052 

Phosphorus, 0*549 

in which case, either in the puddling or re-heating furnace, bat most 
probably in the former, the sulphur is doubled, but the phosphorus 
diminished by the very great amount of '433 per cent. This, however, 
being an armour plate, is a special case, and it is highly probable that a 
portion of better pig iron was mixed with the Yorkshire pigs ordinarily 
used at Lowmoor. The sulphur is considerably increased: it may 
possibly have been added from the fuel. In several other specimens of 
armour plates we find sulphur existing in the following percentages : — 

Sulphur, 0058, 0*121, 0*190, 0118, 0058, 0104, and phosphoms in the 
following : — 
Phosphorus, 0030, 0173, 0*020, 0*228, 0089, 0*106. 

In regard to sulphur, it is higher in the examined plates than in 
all the different qualities of British pig iron I have met with except 
two — namely, Northamptonshire and Scotch ; and since it is not in the 
least likely that either of these pigs were used in producing the plates, 
we may infer that sulphm* has been added to the iron during its con- 
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version and working into the malleable state, whilst phosphorus is 
eliminated in every case to a very large extent, bringing its percentage 
considerably lower than in any known analysis of British pig iron. 
Comparing again malleable iron of South Staffordshire with the pig, we 
have for the former, — 

Sulphur, 0*165 

Phosphorus, 0*140 

Here also the sulphur is increased and the phosphorus diminished 
to a very considerable extent, and the same result obtains generally 
with any other comparisons we may make. We are therefore led to 
infer that during the conversion of pig into malleable iron, sulphur is 
added to the iron from the fuel, whilst phosphorus is eliminated in 
a very large ratio. Of course, in considering the increase that takes 
place, we must bear in mind that the per centage in malleable iron is 
greater in proportion to the absolute amount of iron itself present than 
obtains in the pig iron ; for the reason, that in the latter case the carbon 
and silicon are present, whereas in the former they are nearly eliminated. 

Comparing the foregoing results with analyses of iron made by the 
'' Richardson process," the superior eliminating power of that process is 
forcibly striking. In the analysed samples of the iron made at the 
Glasgow Ironworks by that method, as I have before stated, for the 
experiments inferior brands of Scotch pigs were used ; and yet from 
such material we have obtained finished bar iron purer than anything 
ever heretofore manufactured from British ores ; and that, too, from 
pig irons which contain a medium percentage of sulphur, and con- 
siderably above a medium of phosphorus: indeed, the removal of 
these two elements is so nearly complete that practically they are 
not found. There can bo no doubt remaining that the Richardson 
process has effected what has never before been done in Great Bntain. 
By it we are enabled to produce a better and purer iron from the 
commonest pigs than we can yet depend on obtaining continuously 
by the common process of puddling from the best pigs. We can 
save a third of the time hitherto occupied in puddling, get a higher 
yield, save fuel, and therefore cheapen the production of malleable iron. 



YIELDS "WITH OLD METHOD OF 
PUDDLING. 

Thnnday, 19th March, 1868. art qr. lb. 
No. 13 Double Furnace, 44 2 10 



— 16 



Do., 



44 1 26 



— 'J9 Single Furnace, 21 3 20 



— 17 



Do., 



21 1 10 



Friday, 20th March. 

No. 13 Double Furnace, 42 2 25 

— 29 Single Furnace, 21 2 26 



Wednesday, 25th March. 
No. 18 Doable Fomace, .... 44 2 



10 



YIELDS WITH NEW METHOD OP 
PUDDLING. 

Thursday, 19th March, 186& art. qr. lb. 

No. 1 Double Furnace, 45 1 15 

— 4 Do. 45 2 15 

— a Single Furnace, 22 6 

— 18 Da, 21 8 5 



Friday, 20th March. 

No. 4 Double Furnace, .... 
— 18 Single Furnace, .... 



45 2 
22 1 15 



Wednesday, 25th March. 
No. 1 Doable Famaoe, 45 
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Here we see at a glance that in every case the yield is higher hj 

the new than hy the old method. 

For the last five months there have heen several fomaces making 
iron hy this process at Parkhead, and the mode of working is heing 
extended to all the furnaces there. I have a large number of the 
returns as to the time of puddling a charge, besides a large number of 
results which I have noted myself from watching the conduct of the 
process on several occasions. These, however, I have not bad sufficient 
time to tabulate; but I may state that the time from the moment of 
charging to taking out the balls varies from one hour fifteen minntet 
to one hour thirty minutes; whilst in another experiment that we 
made, having previously *' fettled " the furnace very heavily all round, 
both the bridge sides and flue, the heat was out in one hour and twenty 
minutes. This, without the fettling, would correspond to about one 
hour and ten minutes — a remarkably short time when we remember 
that at this forge, where very grey pig iron is principally used, the 
amount of time usually occupied for puddling by the old method is one 
hour and forty-five minutes, and very ofben about two hours. The 
period of melting in the case of such pig iron is very high. I have on 
several occasions noted it, and find it to vary between thirty-five and 
fifty minutes. This is doubtless due in a great measure to the large 
proportion of silicon contained in it, as weU as the hsematite, a small 
portion of which enters into the mixture. Out of the hundreds of ban 
that have now been made in tbis manner at Parkhead, from the '* com- 
mon mixtures " too, it is particularly important to remark that not a 
single bad bar has been met with. The iron works better under the 
shingling hammer as well as the rolls. In the puddled bars, after they 
have passed through the mill and are cooled, their appearance exter- 
nally is frequently as smooth and even as good finished merchant bars, 
whilst the fracture shows the perfect regularity of the metal. With 
puddled bars of the same mixture, made in the ordinary manner, when 
cold and worked to the same extent, they are full of flaws and fissures 
gaping wide open at the surface, and the fractures always show much 
want of uniformity, while the microscope reveals the presence of a 
great deal of graphitic carbon. 

It has occurred to me that I should direct attention to the now well- 
ascertained fact, that in the puddling fumaee some of the phosphorus 
passes from the charge into the cinder, but by no means the whole of 
it This circumstance led Dr. Percy to propound his theory, that 
still more of that element, existing in the charge as phosphide of iron, 
was liquated or sweated out after the metal was balled. If there be 
any truth in this supposition, it appears to be confirmed by the results 
of the mode of working to which I have now called your attention. 
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The balling process is of longer duration, as I have already explained ; 
therefore greater time is afforded for the supposed liquidation of the 
phosphide. I merely throw out this as a hint ; it is rather soon yet to 
attempt to form a conclusive theory. That phosphorus is not got rid 
of by oxidation in combination with iron is certain, or it would unques- 
tionably be eliminated in the Bessemer convertor, every means hitherto 
tried having utterly failed to remove it. 

Puddled bars from the common mixtures will not usually bend 
through a greater angle than 40° without cracking right across ; some 
of them break off quite cold-short before having reached that angle ; 
whilst the best bars of such mixtures rarely if ever bend 45°, and usually 
break in half before reaching that extent of flexure ; but with bars made 
by the *' Kichardson process," out of precisely the same materials, I 
have seen them, I may with certainty say on most occasions, bend 
completely round to 90° without breaking, frequently without showing 
a surface crack, and some specimens that have been tried were doubled 
up without eflecting a complete fracture. Altogether, the advantages of 
working by this process are so great as to require no further comment 
from me. 

I need not refer in more than a passing mention to Bessemer's great 
invention, as I take it for granted that the members of this Society 
are well versed in it ; but I do wish to point out a particular field for 
chemical investigation, which holds out to the discoverer a reward far 
beyond anything we can at present estimate. What I allude to is the 
finding out of a cheap and therefore practical method of dephosphor- 
izing and desulphurizing pig iron. Purely on this account Bessemer 
is confined to the employment of hsematite iron, as all the other ores 
and pig irons contain this element to such an extent that the metal 
made from them is worthless both on account of cold-shortness as well 
as red'sJiortness, 



V. — On the Sources of Stdphur u^ed in the Manufacture of Oil of 
Vitnol, or Sulphuric Acid, By Mr. James Mactear. 



Read in the Chemical Section, April 29, 1868. 



This paper is intended as a short sketch or description of the sources, 
properties, and comparative values of brimstone (as imported from 
Sicily), and the various qualities of iron and copper pyrites now or 
formerly used in the manufacture of oil of vitriol, or sulphuric acid. 
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In iLfr £rrt pbttr. h stij 1^ k v^iC to i4a«e tint ti>e qitMiiilr of oil 

tcaxc, f^ vlik-b qi2U3thj fiTmevliere il^cnzt 33CtOGO tons uv used Id tlie 
eoEiTcrK^a of or/mm^jn eaJi iLto f^olpiiaSie «f w^di. for the pfodactaoo of 
aiikaJi. bj Le ISlmic-'e Ikmcnu jv-Doeiiis — a prooesfi, br the wmj^ whidi, 
iiireuteid br 211: oW'iire JipcytitecajT about the rear 1794. has as jii 
been &Me V> h'Ai iu ovn azain^t all otben vbicb the adTaoeement of 
cbeiLi^ja! B^Affwx bas €sabk>i inrentors to produce, aod jet repaid iti 
ojij^TiiXor vr uHowin^ bim to die in a vorkbouae. 

Tiie maDofactiire of soda was introiu'Wd into this eo uulo ' in the 
Tear 1^J2 br 31 r. Laeb, at bi« works at Walker, near Newcastle: and 
from tbiB period almost ereir rear has shown an increa;ae in the qnan- 
tity of alkali manofa(dured, and eonseqiieotlT in the snlphnr oonsamedy 
until during tbe past year it bas reacbed the large amount of 160,000 
tuns, of wbic'b, bowever, onlj from 10,000 to 20.000 tons wms in the 
form of brimstone ; tbe remaioder was in the shape of pyrites, of 
wbicb upwards of 375,000 ions have been burned. 

As stated, about 320,000 tons of tbe acid produced were nsed in the 
alkali manufacture, tbe remainder being taken up cbieflj in the manu- 
facture of artificial manures, of wbicb a large quantity is now made 
and used in putting new life into the soil, wbicb we of tbe ^ enlightened 
nineteenth century '^ so systematically rob of its natural right by 
converting our streams and rivers into common sewers, and carefully 
getting rid, by means of their channels, of that best of all manures of 
which we hear so much under the titles of " town sewage," Ac, and 
bringing down on our heads the wrath of the famous Baron Liebig. 

It will be unnecessary to say more regarding brimstone as a source 
of oil of vitriol than that it is chiefly used in the manufacture of sab 
acid. This is mostly used for bleaching purposes, which require a very 
pure acid, and when that made from pyrites would not answer, owing 
to its being always more or less contaminated with arsenic and various 
mutters, winch, although very small in quantity, are certainly there, and 
now and then prove their presence by damaging some article in the 
prepuration of which it is being used. 

Uut as regards pyrites the case is different: the qualities are so 
numerous, and vary so -much in their burning properties, that a good 
knowledge of their peculiarities is of great use to our manufacturing 
chuniists. Until the year 1840 there is no mention made of tbe use of 
pyrit(.'s as a source of sulphur, the whole of the sulphur used up to 
that time having been obtained, in the shape of brimstone, from Sicily. 
Uut in that year the price rose from about £6, lOs, to £13 per ton, 
owing to the fact that the king of Sicily had granted to a Marseilles 
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firm a monopoly of the export of sulphur. These gentlemen, " hasting 
to become rich," compelled the manufacturers of Britain to look for 
some cheaper source of supply ; which they were not long in obtaining 
in the various ores of pyrites or bisulphide of iron. It has been stated, 
however, that previous to this time a Mr. Hill of Deptford had, in 1 818, 
used this material in the manufacture of oil of vitriol ; but this, though 
probable, does not seem sujQBiciently authenticated to permit of our 
fixing that early date for the introduction of pyrites as a source of sul- 
phur to the manufacturing industry of the country. 

The monopoly was very soon abolished, and the price of brimstone 
reduced ; but many of the manufacturers still continued using the 
pyrites in their works. Since the year 1851 brimstone has usually 
been high in price, chiefly owing to the great demand for sulphur 
in the vine districts for the treatment of the much-dreaded vine 
disease. 

The first pyrites would seem to have been brought from Cornwall 
and Ireland, with the exception of a small quantity of " coal brasses " 
— a bisulphide of iron found in the coal-fields in some quantity ; and 
up to the year 1856 no other ores were used. But in that year some 
cargoes of Spanish pyrites, containing small quantities of copper, were 
imported to the Tyne; and so well was this quality liked by the 
manufacturers, that now at least one-half of the ore used is Spanish 
cupriferous pyrites. One of the chief reasons for the preference of the 
Spanish pyrites is that it contains a high percentage of sulphur ; and 
as there is the same cost per ton in working pyrites of a low strength 
as there is with that of a high percentage, it follows that by using the 
latter there is more work done for a given sum. Irish pyrites contains 
about 35 per cent, of sulphur, while Spanish is about 45 to 50 per cent.; 
and supposing that the burning costs for labour 28. per ton, there is in 
the one case 35 parts of sulphur burned off for the 28., and in the other 
45 parts. Besides this, it is found that the refuse, or burned pyrites, 
contains as much sulphur in the one case as in the other — on the aver- 
age about 5 per cent. — so that there is actually burned off, in the case 
of Irish pyrites, 80 per cent., and in the case of Spanish (45 per cent) 
89 per cent of the sulphur in the ore — a clear gain of 3 per cent 

There are a number of disadvantages connected with the employment 
of iron pyrites instead of Sicilian sulphur, which must be taken into 
consideration. These are — 

First. — In burning pyrites there is required a considerably greater 
amount of chamber space than with sulphur. This is usually taken to 
be in the proportion of 45 to 30. Owing to the fact that the iron in 
the pyrites is converted into the peroxide during the combustion, there 
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is required a much larger quantity of air than in the case of brimitooe; 
and as the nitrogen from the air passen throogfa the burner or kihi 
unchanged, we have to provide extra space for it in the chamben. 
That this is a disadvantage will be seen at once on remembering that 
when bisulphide of iron is burned we get 2 atoms of aalphurous add 
and half an atom of peroxide of iron (2 Fe $2 + = 4802 + FejO,). 
Or, in other words, for every 32 parts of sulphur burned off we have 12 
parti) of oxygen replacing it in combination with the iron. This we 
may call extra oxygen, as it does not play any part in the chamben ; 
but the nitrogen which had been mixed with it in the form of air 
(which is composed of 77 parts (by weight) of nitrogen and 23 of 
oxygen), equal to 31 parts, passes into the chambers, where it is of '^ no 
manner of use," and only monopolizes space. 

Second. — The arrangements for burning are much more oostlj; uA 
as the heat is greater, there is more tear and wear of the chambers and 
connecting pipes. There is also a destructive action set up on the 
lead by the sublimation of various metals from the glowing mass of 
pyrites. 

I have recently been informed that a German manufactarer has tried 
an alloy of lead and antimony for building his chambers, but have not 
yet heard how it lasts. 

TAtr^.— There is always a larger percentage of nitrate of soda used 
when burning pyrites. 

Fourth, — Owing to various causes the production of acid is not fo 
good. 

Fi/lh. — It involves more labour in working, and also yields a refuse 
approximately three-fourths the weight of the raw ore, and for which 
deposit room has to be provided. 

Sixth, — There is produced in burning and during transit a consider- 
able amount of small, which cannot properly be burned in the kilnSy and 
requires a separate furnace. 

The most common is a muffle furnace, where the smalls are roasted, 
with free admission of air, the great quantity of which passing into the 
chambers in proportion to the sulphur, is the chief objection to this 
method. 

But taking all these into account, when ordinary sulphuric acid is 
manufactured, it is found that one ton of sulphur in form of pyrites costs 
only about £4i lOs,, while Sicilian sulphur costs £6 to £7. The pyrites 
is usually sold at so much per cent, of sulphur per ton. For some years 
the rate was la. per unit, and at present it is about Sd, 

It may be as well to state here that the yield of oil of vitriol (EL, 8 O^) 
from 100 parts of pure sulphur is theoretically 306*25 parts, and 
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ID practice, using brimstone of say one per cent, impurity, the actual 
yield has been obtained of 302 per cent. With pyrites the production 
is rarely above 285 per cent, of the sulphur actually burned, or about 
275 per cent, on that in the original pyrites. 

I have here a number of specimens of brimstone and pyrites, and 
first, 

Sicilian Sulphtir, 

In the volcanic districts of Sicily, but chiefly on the south coast, large 
masses of sulphur are found, in a more or less pure state, imbedded in 
lime and clay marL It is usually accepted that the sulphur has been 
formed by the double decomposition of hydro-sulphuric and sulphurous 
acid gases ascending through the cracks and crevices of the rocks. 
But Bischof has shown that if hydro-sulphuric acid (or sulphuretted 
hydrogen) gas be passed through carbonate of lime at a temperature of 
212^ Fahr., the chalk is converted into gypsum, while sulphur is de- 
posited. As in most cases both chalk and gypsum are found along 
with the brimstone, there can be little doubt that this decomposition 
does take place to some extent, and a considerable part of the sulphur 
has been deposited in this way. 

The sulphur is extracted from the crude mineral in various ways, 
depending on the more or less richness of the material. If very rich, it 
is simply melted in a cast-iron pot, allowed to settle, and ladled into 
moulds. If, on the contrary, it be poor in sulphur — some of it only 
containing 15 to 20 per cent. — it is distilled in earthen retorts, and 
condensed, usually in water. 

As imported into this country, it consists of three qualities, tech- 
nically known as firsts, seconds, and thirds. With the two former we 
have little to do, as they are chiefly refined for the manufacture of 
gunpowder, &c., while the last is used in the manufacture of oil of 
vitriol. 

The apparatus used for this purpose, or rather the part of it in which 
the sulphurous acid is produced, is comparatively simple, being an iron 
plate surrounded and arched over by brickwork. Under the plate is a 
flue, to allow of a circulation of air, in order to prevent the heat rising 
so high as to sublime any of the sulphur. The charge of brimstone is 
thrown in by the door on to the plate, and allowed to bum ofl* at as 
low a heat as possible. 

As already stated, the consumption of brimstone for this purpose 
has decreased very materially ; and we now chiefly depend for our 
supply of sulphur on the various qualities of pyrites, of which I will 
now speak : — 
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Spanish Pyrites. 

This claims the first attention, owing to its now forming at least 
one-half of all the pyrites burnt in the manufacture of sulphuric acid. 
It is found chiefly in the province of Kuelva, the deposits, however, not 
being confined to this part of the country, but extending into PortugiL 
It exists in large masses, some of them nearly a mile long, of great 
depth and of varying thickness. 

Until very recently the great bulk of the pyrites was imported from 
the mines of Mr. Mason, which are situate near the river Guadiana. 
This gentleman was the first to construct a railway as a means of 
transport to the shipping port, instead of the old-fashioned and expen- 
sive mule carriage. 

In all other mines mules are still employed, the pyrites being ctr- 
ried in sacks or baskets on their backs. But a few years since a 
company, composed to a great extent of Glasgow gentlemen, purchased 
a number of the mines, and now work them under the name of the 
" Tharsis Mining Company." The pyrites from these mines is now 
largely used, and have reduced the imports of Mason's ore very con- 
siderably. 

The amount of sulphur in these pyrites varies. Mason's specimen 
contains nearly 50 per cent., with about 3 or 4 per cent, of copper. 
The Tharsis pyrites contains 48 to 50 per cent, of sulphur, and 4 to 5 
per cent, of copper. 

I have here a specimen of a pyrites from Spain, but have been un- 
able to obtain the name of the mine. It contains only 36 per cent, of 
sulphur and about 1 per cent of copper, and is a very inferior ore in all 
respects. 

These pyrites, except the last named, are much the same in th^r 
working qualities,— burning well, and making comparatively little dust 
or small in breaking. The first cargoes of the Tharsis, however, con- 
tained a good deal of a soft black ore, containing a large quantity of 
copper, but which crumbles down on breaking, making a great deal 
of small. Very little of this quality is now met with. 

Norwegian Pyrites. 

There are a number of mines in Norway, of which the chief are 
situate near Drontheim. The pyrites from these mines have been 
pretty largely imported into this country, chiefly to the Tyne. 

The largest quantity is from the mines of Ytteroen, where from 
6,000 to 8,000 tons are raised yearly. This pyrites is seen to be com- 
posed of very small crystals, and is of very gjood quality — ^burning well. 
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and not slagging in the kilns. It contains about 44 per cent, of sul- 
phur and from 1 to 2 per cent, of copper. 

There is a second quality of this pyrites imported in some quantity. 
It is formed of the dressings of the best pyrites, and contains some- 
times considerable quantities of carbonate of lime and silica. Both of 
these are very objectionable ingredients, as the lime always retains 
an equivalent of sulphur (getting converted into sulphate), and the 
silica is apt to fuse and envelop the particles of pyrites, thereby pre- 
venting the proper expulsion of the sulphur. The residue from this 
quality has always a test of about 2 per cent, above that of the first 
quality. 

A small quantity of pyrites from a mine about thirty miles from 
Drontheim is also imported, and is much liked by manufacturers, as it 
contains no copper (or at most but a trace), and is hard and dense, 
resembling very much the pyrites from Spain. It burns off well, and 
gives a residue with a low test of sulphur. 

Not long ago some cargoes of pyrites were imported from a mine 
which had been opened near Bergen. It is of good quality, and burns 
well. It contains about 46 per cent, of sulphur. 

Another quality of Norwegian pyrites comes from Nordland, contain- 
ing 42 per cent, of sulphur, and burning well in the kilns. 

Stoedish PyTTxtes, 

The Swedish pyrites is obtained in mining for copper ores, and is 
said to exist in enormous quantities ; but at present the cost of trans- 
port to a shipping port is too great to allow of its being exported to 
any extent. A few cargoes, however, do find their way into this 
country, and are found to work very well. The cargo from which this 
specimen was taken tested 40 to 44 per cent, of sulphur. It made a 
good deal of small in breaking. 

Belgian Pyrites. 

This variety is imported very largely into this countr}', the greater 
part being to the river Tyne, the freights from Antwerp, where it is 
shipped, being very cheap — sometimes only sixpence per ton. 

The mines are situate in the districts of Liege and Namur, and are 
worked more especially for the ores of zinc and lead, the pyrites being 
obtained during the operation. It is very peculiar in its appearance. 
One kind is called alluvial pyrites, and has the form of coprolites. Few 
of the pieces being much over a pound in weight, it cannot well be 
burned alone; but if mixed in small proportion with Norwegian or other 
ores it can be burned to advantage. 
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Another Taiietj has the appearance of a slag or cinder, and oftoi 
contains antimony and lead. It boms prettj well, but is apt io get 
too hot in the kilns. 

At most of the mines the pyrites is picked and sifted ; and there 
are now lai^ accumulations of small or dost pyritea> of which rtrj 
little can be sold. The Belgian ores contain from 40 to 50 per cent, of 
sulphur, and some traces of thullium. 

Westphalian Pyrites. 

This pyrites is rather peculiar — looking almost like a Terj poor fire- 
clay or shale ; but it boms very well, and is not liable to flax in the 
kiln. It is said to contain thullium in considerable quantity. It con- 
tains from 42 to 45 per cent, of sulphur. 

Italian Pyrites. 

Only a small quantity of this pyrites has been imported, as it is 
found to be so brittle as to make a large proportion of smalls in transit 
and in breaking for the kilns. It is remarkable in its appearance, being 
composed of well-defined crystals, loosely cemented together, probaUy 
by silica, of which it contains 9 or 10 per cent 

It contains about 45 per cent, of sulphur, and bums badly, falling to 
powder and running into slag in the kilns. 

Irish Pyrites. 

A very large quantity of pyrites was at one time obtained from the 
Wicklow mines, where it exists in beds of great thickness. It contains 
only 30 to 35 per cent, of sulphur, is a very poor burning ore, and 
little used at the present time. There is a deposit in the Vale of 
Ovoca containing about 44 per cent of sulphur ; but of this last I have 
had no experience, as but little of it has been imported. 

Cornish Pyrites. 

Under this head I include the pyrites ore from the mining districts 
of Devon, Dorset, and Cornwall. It is obtained in dressing the copper 
and lead ores for market, and is often in small pieces ; it contains a 
good deal of arsenic ; and at present little of it is consumed. It eon- 
tains 25 to 30 per cent, of sulphur and 1 or 2 per cent of copper. 

Mr. Vivian, of Swansea, is now, I believe, manufacturing sulphuric 
acid from copper pyrites, burning off the sulphur in a kiln of peculiar 

construction. 

Coal Brasses, 

A considerable quantity of this article, sometimes called also '* Scotch 
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gold/' is annually obtained from the coal districts; and if well cleaned, 
it is a cheap source of sulphur for the manufacture of acid for manure 
makers, &c. 

It contains, even when well cleaned, a considerable quantity of 
organic matter, which is much objected to by most manufacturers, as, 
besides colouring the vitriol brown, it is found that the products of its 
decomposition, proceeding into the chambers, necessitate the use of a 
larger quantity of nitrate of soda than is usually required. The sul- 
phur in brasses generally costs from 2d. to 46^ per unit. Brasses 
oflen contain carbonate of lime, each equivalent of which renders 
unavailable a corresponding quantity of sulphur. 

With all its faults, however, coal brasses are sometimes useful in 
keeping up the heat of the kilns when using some of the other varieties 
of pyrites, which are apt to be cold in burning. 

Cleveland Pyrites. 

This variety, although interesting as a deposit to the geologist, 
deserves but little notice as a source of sulphur, as it contains only 
about 25 per cent., and is only used at one establishment at Cargo 
Fleet, near Middlesbro' on Tees. It is a very poor ore, and requires 
great care to bum it properly. 
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Having given a description of the great sources of the sulphur supply, 
I have only to notice one which, although, properly speaking, is not a 
source, will yet have some effect in reducing the quantity at present 
imported. I allude to the sulphur from alkali waste. As is well known, 
all the sulphur used in the alkali manufactures is at present lost, none 
of it entering into the composition of the carbonate or caustic soda, 
but remaining, combined with lime, in the ** waste.** The problem of 
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Thx object of these notes is to record the obeerratiQiis we we 
enabled to make, during a joumer in Xonraj, open the magnificent 
post-tertiarr beds of that eovmtrr, with especial rderence to their 
corioas and important relationships to the post-tertiarT beds of 
Scotland. We have long maintained that the Scottish beds caimot 
be looselT chkssed together under anj one general name. No single 
term can express their diTeraties of composidon and their differences 
in age and fossil contents. The glacial beds represent an epoch, with 
fluctuations alike in climate and the relative podtion of land and sea. 
Every period in that epoch has left its mark more or less distinctly ; 
and the proper classification of these periods is the work which now 
tasks the skill of the post-tertiary geologist. The study of the 
Norwegian beds unfolds a remarkable series of parallehsms with those 
of Scotland. The various stages in the history of the earth s crust 
during the glacial epoch, and from the glacial epoch to the present 
day, were (so far as our observations extended) of the same general 
character in Scotland and Norway, and have left corresponding signs 
of their nature and progress. 

Before entering upon the detail of our observations, we are bound 
to express our obligations to the English Consul at Christiania» 
Prof Sars, Dr. Boek, Hr. Homann, and other Norwegian gentlemen, 
by whom we were so kindly assisted. Nothing can exceed the courtesy 
with which the eminent Professors in the University of Christiania 
direct tbe traveller who wishes to carry out any special study. 

Landing at Christiania, we examined the series of beds in its 
immediate neighbourhood, and various islands in the fjord. We then 
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proceeded to Skien, on the north-west of Ghristiania Qord, and entered 
the Thelmarken district, visiting the Gousta mountain (6,000 feet) and 
the waterfall of the Bjukanfos (900 feet in height), returning to 
Ghristiania by Kongsberg and Drammen. In the course of this route 
we were able to examine typical beds belonging to yaxious parts of the 
Norwegian series. 

I. The lowest boulder day, wherever we observed it (and it is 
scattered over large districts), is precisely analogous to the lowest 
boulder clay of Scotland. 

(1.) Its position is identical It occurs in those long, undulating 
waves, so familiar in any section over Clydesdale — evidently the result 
of the hollowing action of water after its deposition. It is cut through 
by rivers, as in a fine section at Honefos ; or flanks a valley with ridges; 
or forms isolated hillocks ; or fills up hollows — exactly as in Scotland. 

(2.) Its general character is the same. It contains blocks of the 
same sizes, and having the same relationship to the district. The 
stones are striated, the mass is compact, and without stratification. 
There is the usual intermixture of travelled boulders, with stones from 
the adjacent strata. 

(3.) It rests upon the grooved and polished rooks. At Ovre Foss 
clay pit, near Ghristiania, for example, a part of the boulder clay had 
been removed, exposing the striated surface. The grooving and 
polishing were so similar to the grooving and polishing on the Scotch 
rocks, that we cannot resist the conclusion, that in both cases a 
force of similar intensity was at work. 

(4.) This oldest boulder clay is not the fossiliferous day of these 
districts we examined, in the same way as it is not the fossiliferous 
clay of the west of Scotland. 

We do not deny the existence of a fossiliferous boulder clay, but 
simply assert the existence of large masses of unfossiliferous boulder 
clay underlying the arctic shell beds of the glacial epoch. There is 
more than one clay which, through its peculiar characteristics, may be 
called "boulder clay." Masses of ''boulder day'* may have been 
carried down to the sea by gladers, or dropped from icebergs, and 
contain therefore fragments of shells, as in the Caithness beds. On the 
west of Scotland, however, the boulder day (as far as has yet been 
seen) is not fossiliferous, and underlies the shell beds. It is remaricaUe 
that the great shell beds on the west of Norway do not occur in a 
material corresponding to our boulder day, and that the ** boulder 
clay^^ developed in the districts in which they occur is not fossiliferous. 

This substance, which we have described as the ''oldest boulder 
day,*' is evidentiy that which Prof. Kjerulf speaks of as *^gheial 
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hanki and dSbria heaps,*^ forming the lowest part of the "older and 
MbrioUy glacial groups ^ 

II. At the Lower Fobs day bank, near Christiania, beneath the richly 
fossiliferous clay we observed a bed, curiously correspondiDg to the 
laminated mud occupying the same position in the west of ScotlaDd. 
In Scotland this bed easily splits into leaves, and is rather a mod 
than a clay, its nature being determined by the rocks in its immediate 
neighbourhood. In an article " On the Glacial Deposits of the Clyde/'t 
it was su^ested that the finely laminated clay which immediately 
succeeds the boulder clay was probably the deposit of rapid waten 
issuing from beneath ice, and carrying the excessively comminuted mud 
well-known in rivers issuing from Alpine districts. 

This laminated clay has been described as unfossiliferous ; but we 
have proved its marine or estuarine origin by the discovery of Nomo- 
nina striato punctata^ although we have never detected in it any species 
of mollusc. 

The laminated clay which we observed near Christiania corresponds 
evidently with that of the Clyde district. Its mineral composition is 
slightly different, because of the different character of the local 
material from which it was derived. Prof. Kjerulf describes a " marly 
clay," as the second of the series of ''older and strictly glacial 
group," in which a " leafy or stratified structure may often be seen ;" 
and gives the same account of its origin that had been given in the 
paper referred to, for the laminated clay of the Clyde district. He 
attributes its deposition to the " mud-laden waters which poured from 
the inland ice ;'* and ascribes the rarity of the shells found " in the 
marly clay" to " the ice-cold fresh glacier water from which it was 
deposited being unfavourable to molluscan life." 

It is very remarkable that the analogies between the Scotch and 
Norwegian beds should extend to the lamination of the clay imme- 
diately underlying the rich shell clay of either district ; while the same 
explanation of its origin has been given by observers in both countries. 
There are, of course, local differences. In Norway clay and sand 
appear to alternate; but the fact of the deposition of very fine mud, 
quietly and calmly, by ice-cold water unfavourable to marine life, over 
an area which subsequently became fit for the abode of a highly 
abundant arctic fauna, remains the same, and is a curious instance of the 
correspondence between the physical histories of Scotland and Norway. 

* See Ejemlf ** On Scratched Rock Sur&ces," translated by Watson, Ediu. 
New Phil, Journal^ vol. xviii., p. 7. 

+ See Trans, Geol Soc. of Olasgoto, Part I., p. 61, Art "On the GUdal 
Deporits of the Clyde," by Rev. H.W. Croaakey. 
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III. Next in order occur the arctic shell heds, with a fauna in- 
dicative of extreme cold. 

Verl^bugteny near Moss, Height 10 to 20 feet above sea levd. 

This bed is on the south side of Christiania fjord; and is remark- 
able for having the same characteristic shell as that which ocean in 
the clay near Errol, in the Carse of Gowrie. 

Leda arctica is very large and abundant at Moss. It occurs in situ, 
and with both valves united. 

Leda arctica is also extremely abundant in the clay near Errol. 

It is associated at Errol with the same shells, among others, as at 
Moss — viz. , Tellina calcarea (proxima) ; Saxicava arctica ; and Buccinum 
Groenlandicuro. 

Errol is one of the spots at which we have the most intensely arctic 
fauna yet found in Scotland, and the correspondence of its charac- 
teristic shell (Leda arctica) with that of Moss is a connecting link, 
revealing another striking similarity between the physical conditions 
of Noi*way and Scotland during the glacial epoch. 

Leda arctica is not now found living either in Christiania Qord or 
the Hebrides, and indicates a degree of cold equivalent to that in 
Greenland and Spitzbergen. 

A fossil valve of Leda arctica has been dredged by Mr. Jeffreys off 
the west coast; and we have seen one specimen from a glacial sand in 
Ayrshire; but while thus scarce in the west, it is in the east an abun- 
dant fossil. This fact probably shows the same kind of difference 
between the east and west of Scotland during the glacial period as at 
the present day. 

There is a difference attributable to local conditions between the 
clay at Moss and Errol. At Errol few stones occur, and the clay 
washes almost entirely away through fine muslin, leaving only a 
minimum residue of sand. At Moss the clay is homogeneous, without 
obvious stratification, and with stones interspersed of all sizes from small 
pebbles to blocks of between 2 and S feet in diameter. Some of Hbte 
enclosed stones are angular and subangular; some striated; others 
more or less rounded and polished — precisely of the character that 
might have been dropped upon the sea bottom by floating ice. 

The shells in the clay did not occur in zones, but were scattered 
through it in all parts. 

Four and a half lbs. of clay, washed through a sieve of ninefy-six 
meshes to the inch,* lefb a residue of 1 lb., composed of sand and gravel. 



* In washing all the clays alluded to in this paper, the same sind sieve was 
used. 
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Upper and Lower Foee, near Chrutiania. Heigkij 50 to 70 fed ahou 

eealeveL 

(1.) Thii bed of shell cUj rests in a hollow of the older boulder 
day which rises rapidly to the surface. Its poBition is predielj 
similar to that of the Paisley glacial days. 

(2.) The Silorian rock bcoieath the lowest day (which in Scotland we 
should call a boulder clay) is beautifully polished, grooved, and striated 

(3.) Besting against this boulder clay is a marl day (derived from 
the wearing down of the Silurian strata), occurring in horizontal layers, 
with thin deposits of sand, and having a decided tendency to Lamini- 
tion. The shells are sparsdy scattered through this lower marl day. 

(4.) The upper part consists of a purer clay. At Paisley we hare 
noted the same fact. The laminated bed is unfit for brickmakiiig 
purposes; and from that upwards, the clay is always the purer. It 
appears to be the same at the Upper and Lower Foss. The uppermost 
olay of all had been worked away for bricks, according to the practice 
in our own neighbourhood. 

(5.) At Paisley the shells occur the most abundantly after the 
impure clay, with its laminations, has given place to the purer clay, 
but again diminish in the uppermost brick clay. 

As far as we could observe and learn from conversation with Prof. 
Sars, this had been the case at Upper and Lower Foss. 

The flEkct is of importance in Scotch geology. It indicates the 
passing away of the cold water issuing from ice-fed rivers, the 
formation of a sea bottom from the washed boulder clay, and its 
gradual re-devation, until the deep sea became the estuary, and the estu- 
ary the river, — the river itself at last narrowing to its present channel 

Nine lbs. of clay, taken from the south side of the river Aker, left 
1 lb. 8 oz. residue after washing; 3 lbs. 10 oz. from the south side left 
a residue of 3^ oz. 

We collected the following species, in addition to those given in the 
lists of Prof. Sara:—* 

* It wQl be noticed that we do not give a list of all the species we collected, 
bnt in every case onr lists indicate those not previously obtained from the beds 
described, and which have therefore to be added to those given by Sars in his 
monograph* — a monograph which is by frir the ablest and most complete yet 
pnblished on the subject, and to which we owe large obligations. We have 
to express onr thanks to Mr. J. G. Jeffreys, who has examined the mollusca 
of onr collections, and given to our lists the value of his authority, and to Mr. 
H. R Bndj for similar service with respect to the Foraminifera. 
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Entomostbaca. 

Cythere Dunelmensis, Norman. 

„ concinna, Jones, 
Cythcrldea punctillata, Brady, 
„ papillosa, Bosquet 

„ Sorbyana. 

Hyobates Bartonensb, Jones, 
Sclerochilus contortus, Sars, 
Cytheropteron Montrosiensis, new 
species. 

FOBAMINIFEBA.* 

Lagena distoma, P, jr J, 
„ Isevis, Montagu, 
Dentalina communis, D*Orb, 
Folystomella crispa, Linn, 

„ striato- punctata, F, Sf M, 
Truncatulina lobatula, W, Sf J, 



Virgulina Schriebersii, Czjzek.'f 
Polymorphina lactea, W, Sf J, 
Polymorphina compressa, D*Orb. 
Biloculina elongata, D*Orh, 
Cristellaria rotulata, Lamk, 
Nonionina tur^da, Will, 
Lituola Cananensis, D^Orb, 
Cassidulina Isevigata, D^Orb, 
Triloculina tricarinata, D*Orb, 
Quinqueloculina seminulnm, Linn, 
Dentalina pauperata, P, Sf J, 
„ communis, D'Orb, 
Lagena ffracillimay Seguenza, 

„ IsiylB, Montagu, 

„ • distoma,P.$'/. 
Nonionina turgida, Will 
Bulimina marginata, D^Orb, 
aculeata, D'Orb, 
OYata, D'Orb, 



»i 



Brynd. Height above sea level 24:0 /eet. 

This bed, a few miles from Christiania, belongs also to the older 
glacial formation. A deep bank is exposed, cut through by a small 
rivulet; and there is evidence of its having suffered considerable 
denudation. The clay rests upon the native rock of the district, and 
no section of any series of beds is exposed. It is very friable, and has 
a few stones scattered through it. 

Nine lbs., when washed, left only ^ oz. of residue, composed of 
fine gray sand and small fragments of quartz, gravel, scliist, with 
broken shells. 

Eight lbs. more of the clay, taken from a spot very near the 
first sample, left 1 oz. of residue. Although this is nearly four 
times more than the first, the difference does not arise from a greater 
proportion of sand and gravel, but from clay, fragmentary in appearance, 
which does not dissolve in water, like that in which it is imbedded, but 
remains with sharp and angular corners. 

Clusters of Leda pygmsea are found in the clay, which forms a kind 
of nodule round them. 

We collected the following species, in addition to those given in 
the lists of Prof. Sars: — 



Mytilus cdulis, 
Cardium cchinatum, 

fasciatum, . 

exiguum, . 



>» 



>» 



. frgs. 
. 1 you. 
. 6 „ 
.frag. 



Thracia papyracea, 

yillosiuscula, 
Scrobicularia nitida, 
alba, . 



var. 



, 1 you. 
. frag. 



» 



II 



• We are greatly indebted to Mr. H. B. Brady for his valuable examination 
of all the Foraminifera. The value of the lists depends on his high authority, 
i* One of the specimens having the terminal chamber doable and two apertorML 
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Pnmmobia Ferroensis, . firag. 

Uma Losoombii, . „ 

Trophon clathratus, . . „ 

Odoftoxnia unidentata, . 1 

yy turrita^ . . 1 

,, interstincta, . 1 

Utricolufl trancatulufl, . 1 

Balanus crenatus, . firag. 
Bay spines and dermal 

tubercles of star-fish. 
Ophinra— ray plate. 

Echinos Drobachiensis, . spines. 

Entomostraca. 

Cythere lutea, MnJlhr, 
„ concinna, Jones, 
„ Dunelmensis, Norman, 
Cytberidea Sorbyana. 

„ papillosa, Bosquet 
„ punctillata, Brady, 
Cytheropteron latissimum,iVbnnan. 



FOBAIONIFSRA. 

Lagena Ibssib^ Montagu, 
„ distoma, P, ^ J. 
Dentalina communis, D*Orb, 

„ consobrina, JD^Orb, 
Nonionina depressula, W. SfJ, 

„ sci^ha, JF*. ^ M. 
Folystomella atriato - ponctato, 

r, ^ M, 
TmncatuUna refulgena, Mont/ort 
Bulimina marginata^ D^Orh, 

„ aculeata, lyOrb. 
Quinqueloculina seminulam, Ztna. 
Biloculina elongata, D'Orb, 
Cristellaria rotulata, Lamarck, 
Cassidulina laevigata, D*Orb, 

^ „ oblonga, Reuss, 

Bulimina pupoides, D'Orb, 
Lituola scorpiurus, Mont/ort. 



The beds now noticed at Moss, Upper and Lower Foss, and Biynd, 
are examples of the oldest arctic shell clays of Norway. The shells 
generally speaking are in situ. 

They correspond with the beds at Errol, Elie, Paisley, and Dalmoir, 
in Scotland, both (1.) in their position relatively to the oldest boulder 
clay; (2.) their general character ; and (3.) the nature of the imbedded 
fauna. 

Prof. Sars gives sixty-one species of moUusca as the result of his 
examination of twenty distinct beds of this period; and of these sixty- 
one species we have already collected forty-eight from the oldest 
arctic shell clays of Scotland, and have no doubt we shall be able to 
add others, every fresh excavation uniformly enabling us to add new 
species. This result is most remarkable. The fact that only thirteen 
out of sixty-one species of the mollusca found in those glacial beds 
of Norway, indicative of the extremest cold, and extending from 
Trondhjem to Aremark, should be absent from the glacial beds of 
Scotland, indicates a close and curious correspondence of physical 
conditions. 

The fauna as a whole constitutes, as in Scotland, a well-developed 
group. The condition of the shells is so nearly the same, that it would 
often be impossible to distinguish the Scotch from the Norwegian 
specimens. 

We were not able to examine any of the shell, sand, and gravel 
banks, of littoral origin (as distinguished from the shell clays), 
belonging to this epoch ; but their description precisely coincides with 
the nature of the sand and gravel bank cut through by the railway 
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near Diymen station. Every sea has its sand and gravel banks, as well 
as mud or clay deposits, and these occor in Scotland as in Norway. 
In both countries, the various beds indicate differences of depth and 
circumstances of exposure. 

IV. The glacial shell beds (examples of which have now been noticed) 
are succeeded in Norway and Scotland by another great series of 
•hell beds, which may be roughly grouped as '^ post-glacial." 

They sometimes occur in the form of banks, in which shells and 
fitigments of shells predominated over the sand and gravel — so that 
''shell banks" is a better descriptive name than ''sand and gravel 
beds" — and sometimes in the form of clay beds. The condition of 
the various beds indicates, indeed, the condition of the different parts 
of an ordinary sea bottom, as determined by local circumstances. 

We will proceed to notice a few typical examples which we had the 
opportunity of examining. 

Ommedalsstrand, near Shien, Height^ about \00feet above sea level. 

This is a magnificent terrace, nearly 40 feet high, almost entirely 
composed of shells and shell fragments. It is situated at the south 
end of the beautiful lake, Nordsaeen, and is divided into distinct 
masses by the course of a small river. Over an area of several acres, 
huge masses of this 40-feet shell bank occur. The shells, however, 
are generally in single valves, and often broken, although some 
examples are found with both valves united. Sars supposes, from the 
large extent of the bank, that it must belong to the Laminarian zone. 

The lowest part of the deposit, resting upon the native rock of the 
district, is a sandy clay, but by far the larger part consists of pure 
sand. 

The shelly debris of which the banks consist appears to have been 
washed up over the clay; and from the number and somewhat medley 
character of the shells, they were probably accumulated layer after 
layer. 

That the bank is a wash is still more evident from the almost entire 
absence of clay; 7^ lbs. lost only 1-^ lbs. in washing, leaving 6 lbs. 
residue, chiefly shell fragments, a few pebbles, and a little sand. 

The shattered and broken character of many of the shells shows 
that they have been subjected to some violence, but their generally 
unpolished surface proves that they have not been long exposed to 
attrition. 

In comparison with the number of shells, the ostracoda and 
foraminifera are few, and there is an unusual preponderance of 
individuals over species. 
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Some of the oBtoraooda, as well as a few of the sheUs, have both 
Talyes united. Upon several valves of shells fngmenta of shells and 
echini are strongly agglutinated. 

External plates of Ophiura are found, but none of the small raj 
spines or internal plates; both of these, being lighter than the external 
plates, were probably floated away during the washing up of the beds. 

Burrows of Siphunculus are to be seen in the mouths of some of tht 
small Bissoa. 

We also discovered plates of a new species of Echinus, characteiistK 
of the glacial shell bed in the isle of Cumbrae; and for which we 
propose the name of Echinus Cumbraensis. We have submitted it to 
Prof. Sars, to whom it is quite unknown. It will be figured and 
described in the Proceedings of the Geologieal Society of Glasgow, 

The fauna of this bed is peculiar. It contains some arctic species. 
Pecten islandicus is rare and small ; Tellina oalcarea (proxima) laz^ge 
and abundant. Sars records Terebratula cranium, PanopsBa Norw^cs, 
Leda pemula, Crenella disoors. 

The whole character of the fauna, however, is not so intensely arctic 
as in the series of beds previously described. There is a large in(»ease 
in the number of species, and many of them denote a post-glacial 
climate. 

It appears to us, therefore, (1.) that the bed is essentially post-glacial 
in character; (2.) that some peculiarly arctic species lingered in 
it before becoming extinct; (3.) while some arctic specimens were 
possibly washed into it from neighbouring arctic clays, the uppermost 
part of which b slightly shown in the sand clay at the base of the 
shell banks. 

From the Ommedalsstrand and other kindred deposits it appears 
that the change of climate was not sudden, but that gradual ameli- 
oration took place, possibly with fluctuations to and fro. 

We collected the following species, in addition to those given in the 
lists of Prof. Sars:— 



Tapes pullastra. 
Lucina borealis. 

Trochus Groenlandicus, . 10 

„ helicinos, . . 2 frag. 

Lepeta coeca, . . .7 

Spinalis retroversus, . 1 

Rissoa inconspicua, . . 4 

„ globosa, . . 1 

Homalog^a atomus, . 8 

Odostomia albella, . . 1 

turrita, . . 1 

insculpta, . 1 






Cerithium perrersam, . 2 
„ metula, . . 1 
Trophon clathratus, vat, 

Gunneri, . . .3 
Trophon Baryicensis, . 1 



Fusus gracilis, 
Utriculus obtusos, 
„ hyalina, 
Eulima bilineata, 
Lacuna divaricata, 

quadrifasdata, 
Scissurella crispata, 



. 3 fi'ag. 

!s 

.2 



It 

19 



var. 



6 
1 
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Adis supra-nitida, . . 1 

Ophiocoma rosuU, . . plates. 

Ophiura, . . • ^ 

Spatangus pnrporens, . spines. 

Emtomostraca. 



Cythere tuberculata, Sars, 
Finmarchica, San* 
anirulata, Sars, 
peUucida, Baird, 
villosa, Sars, 
borealis, Brady, 
Loxoconcha tamarindus, Jonu, 
Cytherura undata, Sars, 
Xestoleberis depressa, Sars, 



»1 



Fobaminifbra. 

Folymorphina lactea, W, ff J. 

„ compressa, D*Orh. 

Quinquelocalina seminuluro, Linn. 
n agglutinans, (?) D^Orb. 
TrilocuUna trieonala, Lamk, 
Lagena melo, l)*Orb. (?) 
Flanorbulina Ungeriana, 2>* Orb. (?) 
Cristellaria rotulata, Lamk, (?) 
Truncatulina lobatula, W. {f J, 
Folystomella striato-punctata, 

F. $• M. 
Nonionina asterizans, F. jr M. 
yf depressula, W. {f J. 

N.B. — Thia is an obscure lot— the 
shells much worn, and characters in 
many cases effacea. 



Sparehakkeny by Skien, 

This deposit occurs on a bank of the river connecting Nordsacen 
with the sea; and is of the same age as Ommedalsstrand, although 
denoting a different sea bottom. Mya truncata, which in the former 
occurs only in broken valves, is here in aUu, precisely as in the Clyde 
beds. The bed consists of a sandy clay of a grayish colour. 

Eight lbs. lost 2^ lbs. in washing, leaving a residue of 5| lbs., 
consisting of sand, waterworn stones, and shell-fragments. 

The washing was rendered much more difficult by the amount of 
fibrous portion of mytilus found floating amongst the clay, like paper 
pulp. It is interesting to note how this disintegration takes place in 
one locality, and not in another. We have observed it in a post- 
glacial bed near Luss, Loch Lomond, exactly as at Sparebakken. May 
not one deposit contain a solvent of the tissues of the shell, and this 
be absent from another? If this be the fact, it would go far to explain 
the absence of fossils from one locality, while they are abundant 
possibly in its immediate neighbourhood. 

While there is a sandy clay at the base, with Mya truncata in aitUy 
the upper part of the bed is more sandy, and the shells are more 
broken and confused. 

The fauna presents the same general characteristics as at Ommedals- 
strand. We collected the following species, in addition to those 
given in the lists of Prof. Sars : — 



Astarte triangularis, . 1 frag. 

„ boredis, . • 1 ;) 
Scrobicularia prismatica, • fi*ag. 
Fecten islandicus, . . fraes.] 
Chiton cinereus, . . 7 plat, 
ruber, . .1 plat. 



» 



Lepeta coeciL . 

Trochus millegranus, . _ . 

j^ssoaparva, . .8 

„ ,, var.internipta,16 
„ soluta, . . 10 

Achs onica, 



1 

1 frag. 



10 
1 
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Skenea planorbis, . • 2 

Odostomia msculpta, . 1 

„ intendnata, . 2 

Eolima distorta, . 1 

„ bilineata, . . 1 

NaticaalderifPar.snbovalis, 5 

„ affinls, . . .2 

„ Grcenlandica, . 4 

Utriculus hyalinus, . . 2 

Spinalis retroyena, . . 1 

Entomostbaca. 

Cythere yiridis, Midler, 
pellucida, Baird. 
cuneiformis, Brang, 
concinna, Jones, 
Finmarchica, Sar», 
Dunelmensis, Norr^n, 
Cytheridea punctillata, Brady, 
„ papillosa, Bosquet. 
„ Sorbyana. 
„ dentata, Sars, 
Loxoconcha tamarindus, Jones, 
Xestoleberis depressa, Sars, 
Cytherura nigrescens, Baird, 
undata, Sars, 
striata, Sars, 
acuticosta, Sars, 
gibba, Mailer, 
Sderochilus contortus, Sars, 
Faradoxostoma variabile, Baird, 



11 



99 



» 



Cytheropteroii 



99 



ptmctatum, Bradjf, 



11 

91 
V 



FORAMZNIFEKA. 

Folymorphina lactea, W, ff J. 

„ compressa, lyOrh, 

Quinqaelociilina secans, D*Orb. 

bicomis, W. if J, 
aeniinQlum, Jamm. 
aubrotunda, Moa- 
tagu, 
Cornnspira foliacea (?), PhiL 
Truncatulina lobatula, W. j- /. 
Dentalina communis, D^Orb, 
Fol}inorphina horridai, Itss. 
Nonionina scapha, F, if M, 
Lagena distoma, W, if J. 
IsBvis, Montagu. 
striata, Montagu. 
sulcata, W, ^ J. 
Nodosaria pyrula, D^Orb, 
Dentalium brevis, D^Orb, 
Nonionina depressula, TV. j- /. 
Folystomella striate - punctata* 

F, a- M, 
Kotalia Beccarii, Linn, 
Flanorbulina Mediterraneona, 

D'Orb. 
Bulimina marginata, D^Orb. 
Textularia sagittula, Defrance, 
Nonionina turgida. Will. 
Biloculina elongata, D'Orb, 



99 



>» 



A afosy near Skien. 

In the centre of a wood not far from Sparebakken is an isolatod 
heap of shelly debris from 8 to 10 feet in height. It riset 
abruptly on the one side, and gently slopes down to pasture ground on 
the other. The shells are greatly broken, but do not seem water- 
worn in any marked degree. They are, however, greatly corroded: 
8 lbs. of the debris, when washed, left 6 lbs. of residue, which con- 
sisted of shelly matter and sand. The plates of Balani were abundant 

The disintegrated fibres of the shell of Mytilus occurred here as at 
Sparebakken, and when dried on the sieve formed sheets like paper. 

We collected the following species, in addition to those given by 
Sars: — 



Terebratula cranium, 
Tellina solidula, 
Lepton nitidum, 
Leda pygnuea, . 



.1 
.1 
.2 



Montacuta bidentata, . 4 

„ ferruginosa, . 1 

Axinus flexuosus, . . 1 

Scrobicularia alba, . .1 
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Thracia papyracea, var..^ . 8 

Chiton cmereus, . 6 plat. 

„ ruber, . . • 6 ,| 

Patella vulgata, . . 1 

Scissurella crispata, . . 1 

Trochus belicinus, . . 2 frag. 

Rissoa punctura, common, 

parva, . . .1 



11 



11 



var. interrupta, 9 



stnata, . . common. 

Skenea planorbis, . . 2 

Homalogyra atomus, common. 
Caecum glabrum, . „ 

Odostomia unidentatay . 4 

„ interstincta, . 9 

„ spiralb, . 1 

Purpura lapillus, . 8 

Utnculus truncatulufl, . 1 

Velutina communis, . . 2 

Echinus Cumbraensis, . 2 plat. 

Verruca stromia, . . plates. 

Balanus porcatus, . . 2 plat. 

„ crcnatus, . common. 
Cliona celata. 

Emtomostbaca. 

Cythere viridis, MuUer, 
villosa, Sars. 
lutea, Midler. 
pellucida, Baird. 
angulata, Muller. 
cuneiformis, Brady. 



99 
11 



>» 



Encythere argus, Sars. 
Loxoconcha tamarindus, Jones. 
Sclerochilus contortus, Norman, 
Cytheropteron nodosum, Brady. 

„ latissimum, Norman. 

Cytheridea papillosa, Bosquet. 
Xestoleberis depressa, Sars. 
Cytherura undato, Sars. 

nigrcscens, Baird, 

lineata, Brady. 

cellulosa, Norman. 

acuticosta, Sars. 

striata, Sars, 



11 
11 

9} 



» 



FOBAMINIFBBA. 



Polymorphina lactea, W, Sc J. 
Quinqucloculina seminulum, Linn. 
Truncatulina lobatula, W. ff J. 
Nonionina depressula, W. Sf J. 
Polystomella striato-punctata, 

F. ^ M. 
Triloculina oblonga, D^Orb. 
Quinqueloculina subrotunda, 3fon- 

tagu, 
Rotalia Beccarii, Linn. 
Nonionina scapba, F. Sf M, 

„ asterizans, F. jr M, 
Lagena sulcata, W. jr J. 

„ globosa, Montagu. 
Dentalina brevis, D'Orb. 
Bulimina ovata, D^Orh. 



Biaottf near Christiania. 

This is a true clay, situated in the immediate neighbourhood of 
Christiania, and is classed as post-glacial from the abundance of 
laocardia cor^ while Tellina calcarea (proxima) also occurs. The 
co-existence of T. calcarea and Isocardia cor indicates a transitional 
condition of climate, and is very remarkable. Isocardia cor has been 
dredged by Lilljebord in Molde Qord, near Christiansund, and it 
ranges as far south as Sicily, while T. Calcarea is a characteristic 
arctic shell, extinct except in high latitudes. 

A gpradual change of climate appears substantiated, therefore, by the 
fact of the co-existence of these shells during the post-glacial epoch. 

Fragments of Tellina calcarea occur with the valve and teeth 
firmly clenched together, the shell being broken awaj at the hinge. 
Some specimens have the valves crushed together, like examples of the 
same shell in the Gamrie deposit, Banffshire. 

The clay filling many of the shells is different in colour from the 
day in which they are imbedded, and is quite hard and not soluble 
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in cold water. Of the daj generally^ 8 IbB. when washed leaves only 
1 oz. residue. 

We collected the following species, in addition to those giren in tbe 
lists of Prof. Sars : — 



Nucula tenuis, 



11 



11 



11 
11 



Leda pygmaea, 



var, inflata, 1 
nucleus, . 1 



11 



11 



8 
var. ffibbosa, 8 



Scrobricularia nitida, . 1 

Rissoa striata, . . 1 

„ soluta, . . .1 

Odostomia interstincta, . 1 

Natica Groenlandica, . 1 yea. 

„ Alderi, . • 1 

Cerithium reticulatum, . 1 

Cylichna nitidala . . 1 

Utriculus truncatulus, . 1 
Vertebra of fish. 
Ampbiodotus — spine. 

Emtomostraca. 

Cythere tuberculata^ Sars. 

„ Dunelmensis, Norman. 
Cjtheridea punctillata, Brady, 

„ papillosa, Bosquet, 

„ Sorbyana. 



Loxoconeha tamaiindti8,.7b8ef« 

FORAMINIFRRA. 

Noniomna scapha, JP. ^ M. 

„ turgida. Will, 
FolystomeUa striato - punctata, 

F, } M, 
Hotalia Beccarii, Linn, 
Bulimina marginata, D'*Orb, 
Biloculina elougata, lyOrh, 
Lagena distoma, P, Sf J. 

gracillima, Seguenza, 

striata, Montagu, 

hevis, Montagu, 
Hotalia orbicularis, U*Orh, 
Truncatulina lobatula, W. ff J, 
Quinqueloculina agglutinans,Z>*(7ri. 
Triloculina tri^onulay Lamk. 
Bulimina marginata, D^Orb, 

„ aculeata, lyOrb. 
Lituola scorpiurus, MontforL 
Dentalina brevis, D'Orb. 
„ communis, lyOrb. 



11 
11 



11 



Barholmen near Drobak, 

This beautiful island is in the Christiania fjord, and contains one of 
the most remarkable deposits we ever examined. The island rises to 
the height of about 100 feet above the sea; aud at various points^ from 
the sea level to the summit, the shell beds are exposed. 

In the lower part of the deposit, extending from the sea to about 
30 feet of elevation, the shells are characteristic of vexy deep water, 
and belong to the Finmark fauna. Lima excavata is very plentiful, 
and attains a large size. Pecten aratus, P. vitreus, Terebratnla craninm 
(generally broken valves), also occur in great abundance. 

The bed is composed of a sandy clay; and throughout the whole^ 
Octdina prdifera is plentiful. 

Prof. Sars states that this coral is found living on the north and 
west of Norway, never at a less depth than from 150 to 300 fathoms. 
It occurs fossil, attached to the rock at the bottom of the sea, 
off Barholmen, at a depth of from 60 to 90 fathoms, and continues to 
pervade the beds to the summit of the island (100 feet). 

From these facts, Prof. Sars argues that there must have been an 
upheaval of the land to the extent of at least 700 feet^ 650 feet being 
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the shallowest depth which can he assigned for the hahitat of the 
living coraL 

We obtained beautifully preserved masses of Oculina prolifera on 
the shore. They were fossil, and had been brought up by fishermen 
from the reef. We also collected fragments from every part of the 
island. 

We collected the following species in the 30 fee bank, in addition 
to those given by Prof. Sars; — 



» 



11 



11 



TerebratulaSpitzbergensis, 5 valv. 
Anemia patelliformis, var, 

striata, . . .1 

Anemia ephippimn, vat, 

squamola, . . .1 
Nucula nucleuSi var, tumi- 

dulus, . 
Leda pygmeca, 
Axinus ferruginesos, 
Venus evata, . 
Mya truncata, 
Cerbula gibba, 
Lepeta cceca, . 
Prepilidium ancyleides, 
Scissurella crispata, 
Trechus Grcenfandicus, 
Rissea cemiceides, . 

„ albella, 

„ Jeffireysii, 
Odestemia insculpta, 

„ unidentata, 
Eulima disterta, 
Defrancia teres, 



1 
.1 

. 2 frag. 

. 1 ,1 

2 sm. frag. 

. 1 frag. 

. abun. 

.80 

. abun. 

. 1 you. 

.2 

. 3 frag. 

. abun. 

. 2 you. 

.3 

. 1 you. 

. X 



» 
11 
11 
11 



Cythere pellucida, Baird. 
viridis MiUler, 
▼illesa, Sars, 
Intea, Muller. 
echinata, Sars, 
Cythcridca punctillata, Brady, 
Ilyobates prsetexta, Sars, 
„ Bartenensis, Jones, 
„ glacialis, 
Lexecencha tamarindus, Jones. 
Cytherura striata, Sars. 

„ angulata, Brady. 

Cytherepteren alatum, Sars. 

„ latissimum, Norman, 
„ pnnctatum, Brady. 
, , Mentresiensis, nov, sp, 
„ nodosum, Brady. 

FORAMmiFERA. 

Bileculina ringens, Lamk. 
Lagena Isevis, Montagu, 
„ sulcata, W, Sf J. 
Dentalina communis, D'Orh, 
Folymorphina lactea, W. Sf J, 
BoUmina ovata, D'Orh 

„ elcgantissima, UOrh. 

„ marginata. 

„ aculeata. 
Flanorbulina Haidingerii^ D*Orb. 
„ Ungeriana, D^Orb, 

Truncatnlina lobatula. Walker. 
Pulvinulina repanda, F. ff M. 
The large punctolate crag variety. 

Nonionina umbilicata. 



I Lagena IsBvis, Montagu.* 



Fleurotoma Trevellyana, . 1 
Utriculus obtusus, . . 1 
„ truncatulus, . 1 
Cylichna nitidula, . . 6 
Spinalis retroversus, . abun. 
Siphonodentalium subfusi- 
forme, . .4 

Emtomostraca. 

Paracypris polita, Sars, 
Cythere crenulata, Sars. 

Nonionina turgida, Will, 

The highest bed at Barholmen (100 feet) contains more littoral 
shells, while its composition is more sandy. Here we find Littorina 
littorea, and Littorina rudis, the former bemg so plentiful that it may 
be taken as a characteristic shell. Intermixed with these are many of 
the same species as in the lower beds, although the deep sea forms are 
scarcer and more broken. We have here we believe, therefore, the 

* One of the spedmena double. 
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remains of the shore of the sesy in the deep waters of which the 
lower bed was deposited. 

We collected the following species, in addition to those gifen bj 
Prof. Sars, from the same spot : — 



Terebratula cranium, 


frag. abnn. 


„ caput serpentis 


„ not rare. 


Anemia ephippium, var. 


aculeata, . 


. 8 


Ostrea edalis, . 


. 4 


Pecten opercularis, . 


. frag. 


„ septemradiatus, 


. 1 valv. 


„ tigrinua, 


. 1 frag. 


„ striatus, 


. 2 „ 


„ aratuSf • 


. 4 „ 


Lima elliptica, 
Mjtilufl phaseolinus, 


. 4 „ 


. 1 you. 


„ modiolus, . 


. 1 „ 


Modiolaria discors, . 


. 6 „ 


Nucnla nucleus, 


15 


Leda pygmsea. 


. 2 


Area pectunculoides, 


. 1 


„ nodulosa, 


. 6 


Lepton nitidum, 


. 1 frag. 


Montacuta bidentata, 


. 6 


AxinuR flcxuosus, . 


. 1 frag. 


Cardium exi^um, . 


. 8 


„ minimum, . 


. 8 


„ edule. 


. 6 


Astarte sulcata, 


87 


„ borealis, 


. 8 you. 


Venus lincta, . 


. 4 frag. 


„ ovata, • • 


. 2 „ 


Corbula gibba, 


1 broken. 


Saxicava rugosa, 


. abnn. 


Scrobicularia piperata, 


, 1 


Tapes aureus, . 


. 1 


Fholas Candida, 


. 1 frag. 


Dentalium abyssorum, 


• 


Chiton ruber, . 


. 9 plat. 


„ cinercus. 


• ^ »» 


Tectura virginea, . 


20 


„ fulva, . 


21 


Propilidium ancyloides, 


. 1 


Functurella Noacbina, 


. 1 


Emarginula crassa, . 


. 8 


Capulus Hungaricus, 


. 6 


Scissurella crispata, . 


. 8 


Trochus millegranus, 
„ tumidus, . 


. 8 


. 1 


Lacuna diYaricata, . 


. 7 


Littorina limata. 


. 8 


„ obtusata, . 


. 1 


BiaaotL Jeffreysii, 


. 9 


„ punctura, 
,9 Zetlandica, . 


22 


. 1 



Rissoapanra, . 

„ mconspicna, . 

„ Tiolacea, 

„ albella, 
Homalogyra atomus, 
Csecum ^labrum, 
Odostonua interstincta, 
„ acicula, . 
„ ScillsB, . 
Eulima distorto, 

,, bilineata. 
Natica affinis, . 

„ Montacuti, • 
Velutina Itevigata, . 
Aporrhab pes pelicani, 
Cerithium perversum, 
Cerithiopsis tuberculms, . 
Buccinum undatum, 
Trophon dathratus, . 
„ truncatus, . 
„ Barvicensis, 
Nassa pygmasa, 

„ ucrassata, 
Columbella nana (LoTen) 
Defrancia linearis, . 



18 
. 2 
. 2 

, 1 frag. 
. 9 

abnn. 

8 

1 

1 

2 

4 
11 
2 
2 
8 
3 

frag. 
5 
8 
6 
1 
6 
1 
4 



»» 



„ var, eqnalia, 1 



* 11 
Ifrag. 

2 

1 „ 
7 „ 
spmes. 



Fleurotoma costata, . 

„ Trevellyana, 

Cylichna nitidula, . 
Utriculus truncatulusy 

J, obtusus, . 
Spinalis retroyersus, 
ifchinus milliaris, 
Spatangus purpureua. 
Itay plate of Ophiura. 
Cleona celata. 
Otolite of small fish. 



Entomostraca. 

Cythere lutea, Muller. 
villosa, Sars. 
crenulata, Sars, 
badia, Norman, 
an^ulata, Sars, 
Tindis, MiiUer, 
pelludda, Baird, 

Cytheridea punctillata, Brady. 
„ papillosa. Bosquet, 

Loxoconcha impressa, Baird. 
„ tamarindus, Jones* 

Cythemra nigrescens, Baird, 



M 

n 
n 
If 
» 

If 



9> 
11 



11 

11 



rjai' 
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Cythemra undata, Sars, 
Cytheropteron laiissimum,iVbnnan. 

FORAMINIFERA. 

Polymorphina horrida, Uss, 
Nodosana pyrula, D*Orh. 
Truncatulina lobatula (fragment), 

Dentalina communis, D*Orb, 
Uvi|jerina angulosa, Will. 
Vagmulina legumen, Linn, (frag.) 
Lagena sulcata, W. if J. 



Laeena globosa, Montagu, 
Fulvinulina clegans, D*Orh, 

„ repanda, F, jr Af.* 

Nonioniaa asterizans, F, Sf M. 
„ depressula, W, jr /. 

Kotalia Beccarii, Linn, 

Bulimina elegantissima, WUL 
„ ovata, D^Orb. 
,, marginata, D'Orh, 

Polymorpliina lactea, W, jr /. 

„ compressa, jyOrb, 

Lagena distoma, P. ff J. 



Pladaen Trondstad on Haaoen near Drohak. 

This is of the same a^e as the preceding. The clay bank rests 
against the rock from about 30 feet to within 3 or 4 feet of tide mark. 
Twelve pounds of clay lost by washing 9^ lbs., leaving' 2^ lbs. of 
residue, made up of sand, gravel, and broken shells. Over the day 
are patches of sand and gravel. 

We collected the following species in addition to those given by 
Prof. Sars: — 



Terebratula cranium, . 1 
Leda pypmsea, var. gibba, 3 
Lepton nitidum, . . 1 
Montacuta bidentata, . 1 
Cardium fasciatum, . . 8 
Scrobicularia nitida, . 2 



frag. 



Sazicava rugosa, var. arcUca,2 
Chiton dnereus, 
Emarginula fissura, 
Natica Groenlandica, 
Trochus cinerarius, 

„ millegranus 
Lacuna divaricata, 
Rissoa punctura, 

„ parva, var, inter- 
rupta, 

„ inconspicua, 

„ membranacea, 
Odottomia turrita, 
„ spiralis, 
Natica affinis, . 
Nassa pygrosea, 

„ mcrassata^ 
Defranda linearis, 
Trophon Barviciensis, 
Admete viridula. 
Verruca stromia, 
Ray plate of star-fish. 



plat. 



4 
3 
9 
1 
1 
1 
1 



1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
2 plat. 



Tspinei 
Echinus Drobachiensis, •< and 

(plates. 
Cliona celata, . . .1 

Ektomostraca. 

Cythere Dunelmensis, Norman, 

„ an^lata, Sars. 

„ vindis, MHUer. 

„ condnna, Jones. 
Cytheridea papillosa. Bosquet, 
„ puDctillata, Brady. 
Ilyobates Bartonensis, Jones, 
Cytheropteron nodosum, Brady. 
Cytherura undata, Sars, 
„ nigrescens, Baird. 

FORAMINIFSRA. 

Lagena gracillina, Seguenza, 

distoma, Parker ff Jones, 
gradlis, Williamson, 
striata, Montagu, 
sulcata. Walker fr Jacob, 
var, nov, 
IsBvis, Montagu. 
apiculata, Reuss, 

Dentalina communis, D^Orbigny, 



It 

n 
11 



11 



* The very large variety found in the '* Crag ** of Su£folk. 
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Cassidolina, leTigata, D'Orb. 
Pulyinulina elegans, D'Orb, 
Koniooina depressula, IK. jr /. 

astenzans, Fichtd jr 

MoU. 
scapha, F. Sf M. ' 
Polvstomella Btriato-punctata, 

F, 5- M, 
TruDcatulina lobntula, W, ff J. 

„ refulgens, MontforL 

Balimina marginata, D'Orb, 
aculeata, D'Orb. 
orata, DOrb. 



»» 



»» 



Glandulina lerigata, D^Orh, 
Nodosaria (app*rentlj » siii^e joiixt 

of N. Boueana, D'Orb.^ 
Uvigcrina pygmaea, D*Orb, 

„ angulosa. Will, 
Biloculina depreaaa, D^Orh, 
Quinqueloculina seminuliun, La* 

march, 
Dentalioa obliqaestriata. 
Folystomella crispa, Linn, 
Triloculina trigonula, Lamk. 
Lagena globosa, Montagu, 



Comparmg the post-glacial beds of Norway with those of Scotbndy 
we indicate, as suggestions for further jP^^^^y ^^ following le- 
stdts: — 

1. The arctic species of the glacial epoch seem to have lingered 
longer in Norway than in Scotland, since some of them appesr 
in the post-glacial beds now described, while they are absent in 
any corresponding beds in Scotland which we have yet obsenred. 
Possibly some of these Scotch beds now classed together as '^ gladal' 
may indicate a transition in the proportions in which glacial species 
occur; but in the Scrobicularia pipcrata clay near Montrose, the 
Cardium edule bed at Paisley, the Ostrea cdulis bed at Stirling, and 
other corresponding post-glacial deposits, there is no admixture of 
arctic species. At many points on the banks of the Clyde the Pecten 
maximus bed rests upon the glacial clay, but contains no purely aretio 
shells. Probably,*] therefore, while at the period represented by the beds 
at Enrol (Scotland) and Moss (Norway), the climate in both countries 
was very similar, the amelioration took place more rapidly in the 
West of Scotland. 

2. The deep sea post-glacial bed at Barholmen has no predie 
equivalent in Scotland; but in Scotland the term "raised beach" does 
not cover the facts, and post-glacial beds of different depths also occur. 
Cyprina islandica, for example, and other shells which are not littoral, 
abound in the banks of the river Irvine, in clay beneath a deposit of 
pure shore sand with strictly littoral shells. On both countries there- 
fore, there are post-glicial beds, indicative of different depths of 
water. 
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VII. — On the Recovery of Sulphur from Alkali Waste, Bj Mb. 

LuDwiG Mond. 



Read in the Chemical Section. 



Attemptifo to give joa a shori description of my process for the 
recoverj of Sulphur from Alkali Waste, I beg in the first place to 
ask jour pardon for calling your attention to a simple manufacturing 
process of so little general interest, on the first meeting of this assem* 
bly, which might certainly have been occupied by a worthier subject; 
and still more for my boldness in addressing you in your own 
language, which I have by no means sufficiently at my command. 
I will, however, do my best to bring before you, as briefly as possible, 
the few points of interest which my subject may offer, and hope you 
will be kind enough to excuse the many deficiencies which I am unable 
to escape. 

It will be unnecessary for me to explain to an assembly of Glasgow 
gentlemen the vast importance of the alkali trade, you having within 
your walls, at St. BoUox, the most important and most interesting 
alkali works in the world, — the most important and most interesting 
not only on account of their vastness, but because a considerable number 
of the most valuable improvements in the manufacture of alkali and 
its branch industries have originated or been first adopted in these 
works, several of which are still the property of the firm, and carried 
out at their premises only. 

The process for the manufacture of bleaching powder, which has 
now become so extensive that it can hardly be called a secondary 
product, was invented by the founder of the firm, and is still carried out 
in their works on a scale at least double that of any other works in the 
world. The production of chlorine from nitrate of soda, and the 
recovery of manganese, are inventions of their late manager, Mr. 
Dunlop, and are still specialties of the St. Bollox works ; and among 
other improvements which have been first introduced here, I may name 
specially the apparatus for the methodical lixiviation of black ash, of 
which I shall have to treat more fully this evening, as it was on this 
invention that the final success of my process altogether depended; and 
it is certainly remarkable that the first apparatus ever used for the 
lixiviation of black ash is at present employed in the recovery of 
sulphur by my process. Yet many of you will be astonished at the 
tnormoua development of the alkali trade within the last few years. 
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In 18G4 the quantity of salt decomposed in Great Britain amounted 
to 288,000 tons, and witliin three years it has risen to folly 400,000 
tons per annum, or nearly 40 per cent. The transformation of this 
quantity of salt into sulphate of soda requires about 320,000 tons of 
oil of vitriol, which contain nearly 100,000 tons of sulphur. This 
large quantity of vitriol is at present almost entirely obtained by 
huming iron and copper pyritts, containing from 36 to 50 per cent of 
sulphur. Thanks to the exertions of Messrs. Charles Tennant k Col, 
who have heen the principal promoters of a company formed for the 
purpose of purchasing, and connecting by railway with the sea, ti» 
Tharsis mine, near Huelva, one of the richest mines in Spain (vh^ 
promises to furnish the total supply of pyrites for Great Britain for uj 
length of time) ; and also owing to the intelligence and perseveraooe 
of another of your fellow-citizens, Mr. William Henderson (who htf 
brought his process for the extraction of copper from these ores, after 
the sulphur has heen humt off, to such an unprecedented pitch of 
perfection) ; the sulphur in these ores is now supplied at a price which 
places England in as favourable a position as any other country in 
respect to this important raw material, and which makes the use of 
native sulphur in the manufacture of salt cake almost impossible. 
Although the largo quantity formerly used for this purpose bas within 
the last twenty years been almost altogether replaced by pyrites, the 
export of brimstone from Sicily, whence hitherto has come all the 
supply of this valuable material, has been continually rising", and has 
now reached over 200,000 tons per annum, about 50,000 tons of which 
arc consumed in Great Britain. 

This shows that brimstone has found other fields of employment, 
oven more readily than it has lost its former place ; and we see here 
again, that in our time of rapid progress, new raw materials, or new 
processes, will generally make their way, and give beneficial results, 
without doing any harm to the trades which they have been originally 
intended to supplant. 

Besides the manufacture of pure sulphuric acid, which we are still 
unable to obtain from pyrites by a really practical method, and some 
other industries of minor importance, the largest quantities of brim- 
stone are now converted into rolls and flowers of sulphur, used in vine- 
yards and hop-gardens for suppressing the much-dreaded diseases of 
those plants, and in the manufacture of gunpowder, the consumption 
of which must certainly have reached very large proportions, since all 
nations have exerted their best energies to find out the most efiectoal 
method of using this substance for their mutual destruction. The 
indbpensability of sulphur in the manufacture of gunpowder, even 
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makes it a question of political importance for any nation not to be 
altogether dependent on another country for the supply of a material 
so necessary for the defence of its freedom and independence ; and this 
question has certainly become more grave since Italy has been formed 
into a strong and united kingdom. The appearance of a few English 
men-of-war would now-a-days hardly be sufficient to re-open the ports 
of Sicily for the exportation of brimstone, as it has been on a former 
occasion. I hope to be able to show you that the repetition of such a 
scene will no longer be necessary, and that England is now able to 
obtain the brimstone which she imports from a material which has 
hitherto been worse than valueless, being only a source of inconvenience 
and outlay to the manufacturers, who could not help producing it; and 
that this brimstone can be produced at a cheaper rate even than at the 
mines in Sicily. 

Ever since the illustrious Leblanc, more than eighty years ago, 
introduced his famous process for the manufacture of alkali from 
common salt, which (excepting only a few hundred tons made from 
cryolite) still furnishes all the vast amount of alkali at present used, 
and which in all probability will continue to do so for many years more, 
it has been known to chemists and^ manufacturers, that nearly all the 
sulphur used in this manufacture remained in the insoluble residue 
which is left after having separated the alkali by lixiviation from the 
crude soda, or black ash, obtained by melting sulphate of soda with 
limestone and coal. 

This residue, well known under the names of alkali waste, blue 
waste, or tank waste, is produced in very large quantities, 1^ tons of 
dry, or above 2 tons of wet, waste being formed for every ton of alkali 
manufactured. It accumulates in the vicinity of alkali works, in heaps 
and hills of sometimes enormous size, which create a considerable 
nuisance, by exhaling in damp weather volumes of sulphuretted hydrogen, 
the disagreeable qualities of which need no comment, and by giving 
rise to the formation of yellow liquors washed out by rain, and con- 
taining sulphides of calcium, which have a very deleterious effect on 
wells and rivers to which they gain access. A large number of dis- 
tinguished scientific and practical men have, for the last thirty years, 
spent much time and labour in the task of recovering the sulphur 
thrown away in the waste (which now amounts, as already stated, to 
nearly 100,000 tons a year in Great Britain alone, and represents a 
considerable value), and doing away by this means with the nuisance 
referred to, at the same time. 

Before all others, it is Mr. William Gossage to whose ardent labours 
we owe so many valuable improvements in the manufacture of alkali, 
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who will always be named in connection witb this suhject for the bril* 
liancy of his ideas, and his perseverance iu carrying them out. Though 
unsuccessful, like most others, he cleared the way for future ioTestigi* 
tious; and I gladly state that I derived much benefit from cooTerM- 
tions with him whilst I worked out the details of my present 
process. 

The problem of obtaining sulphur from the waste was a coroparatively 
simple one. The great difficulty, however, was to treat the large bulk of 
waste without incurring too much expense for plant and wages. The wet 
waste containing no more than 12 per cent, of sulphur, which has an 
average valuo of say £6 per ton, it will be obvious that only a very 
simple method, which requires small outlay to start with, and but httle 
expenditure for repairs and labour, would satisfy the primary condition 
of a manufacturing process — viz., to pay well for the invested capital 
I believe I have ultimately overcome these difficulties completely. 
The waste is treated by my process without being removed at all* and 
the wages are thus cut down to a very low amount. 

Tho total outlay for plant is generally covered by the savings of one 
year, and the maintenance of the apparatus is very trifling. These are 
the practical points of the process which have made it successful, where 
so many others, working in the same direction, have failed, and where, 
consequently,' the merits of the process in comparison with others must 
be principally looked for. 

r My process is based on the following principles : — The conversion of 
the insoluble compound of sulphur and calcium in the waste into 
soluble compounds by oxidation, the separation of these soluble com- 
pounds by lixiviation, and the ultimate recovery of the sulphur from 
the solutions thus obtained, by muriatic acid. 

When I started my researches in connection with this process in 
18G0, 1 was not aware that these re-actions had been formerly proposed 
for the same purpose. A few years ago, however, I found that they 
had already been laid down, before I was bom, in the specification of a 
patent of Mr. W. H. Leighton, in October, 1836. This interesting 
document, entitled " Improvements in Converting Sulphate of Soda into 
Subcarbonate of Soda," relates principally to a very impractical con- 
struction of a black ash furnace, with a perforated floor through which 
steam should be introduced. At the end of his paper the author states 
— " I allow the waste to remain in the vats until it heats and gives off 
smoke. I then lixiviate it, and obtain liquors from which I separate 
sulphur by muriatic acid." It is, however, very improbable that he has 
ever worked out this part of his si>ecifi cation, as no account of it is to 
be found except in the register of patents, and as it escaped the notice 
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of all other investigators of tbe subject. Though nearer to mj method 
than any later suggestion, it was quite impracticable, as it would havo. 
required a very long time and an enormous plant, owing to the oxida- 
tion proceeding very slowly and not being at all under control, and 
would have given very small returns. From the date of this patent to 
the time of the starting of my researches, only one process has been, 
published for utilizing the products of oxidation of alkali waste. 

This relates, however, solely to the manufacture of hyposulphite of 
Boda, and was patented by Mr. W. S. Losh in 1852. He oxidized the 
waste in heaps, lixiviated, mixed the liquors obtained with a solution 
of carbonate of soda, settled and boiled the cleared liquors down to 
crystallization. 

This process has ever since been worked very successfully at the 
Walker Alkali Works, near Newcastle, with which Mr. Losh has been 
connected, and he was certainly the first who oxidized waste on a large 
scale in order to utilize it. By his mode of oxidation, as Mr. Clapham, 
the present manager of the said works, has kindly informed roe, about 
one-fifth of the sulphur contained in the waste is obtained in solu* 
tion — a quantity altogether insufficient to make it available for sulphur 
recovery ; and this may probably have been the reason why Mr. Losh 
never thought, or certainly never mentioned, that his liquors might be 
employed for this purpose. 

During the time that I was carrying on my investigations, and 
before they were brought to a close, no less than three patents have 
been taken out on the same subject ; the first of which was granted to 
two well-known fellow-citizens of yours, Mr. J. Townsend and Mr. 
James Walker, and is dated 11th December, 1860. These gentlemenn 
after having oxidized and lixiviated the waste in exactly the same way 
as Mr. Losh, proceed to convert all the sulphur in the liquors thus 
obtained into hyposulphite, by exposing them to the action of air in 
towers or otherwise, and then mix them with the cheaper sulphate of 
soda instead of carbonate of soda; thus producing at the same time 
sulphate of lime, containing a little hyposulphite, which they propose 
to sell to papermakers under the name of precipitated antichlore. 
Further* they suggest mixing the liquors obtained from the waste with 
the liquors obtained in making chlorine from manganese and mnriatio 
acid, and separating by these means sulphur more or less mixed with 
sulphide of iron and sulphide of manganese, according to the propor- 
tions used. This last suggestion, and the use of sulphate of soda in 
place of carbonate of soda in the manufacture of hyposulphites, were 
valuable points in this patent. They, however, as well as the two other 
patentees referred to, Mr. A. Noble and Mr. J. L. Tullion, whose specif 
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fications contain nothing new worth mentioning, have to all appearance 
given most of their attention to the production of hyposulphites, and 
have never taken up the question of sulphur recovery in earnest. All 
three oxidize and lixiviate the waste only once, according^ to the 
methods of Messrs. Leighton and Losh, and consequently their pro- 
cesses would not yield any more sulphur than former ones, a quantity 
•o small that it would never have repaid the cost of erecting plant, and 
which certainly did not deserve the name of sulphur recovery. 

If any of them had worked at the matter at all, he could not have 
failed to make the same observations to which I was led by my first 
experiments. 

In studying the conditions under which the largest possible amoont 
of soluble sulphur compounds could be obtained by the oxidation of 
waste, I very soon found that these compounds only increased up to a 
certain point, and would slowly decrease on continuing the exposure to 
air any longer. 

When, however, the soluble compounds at their highest points were 
removed by lixiviation, the waste would yield, by a second oxidation, 
the same quantity as before, and even a third repetition of this treat- 
ment would give nearly as good results. Thus, by oxidizing and lixivi- 
ating the waste three times, I was able to extract from the waste three- 
fifths of the sulphur which it contained, the remaining sulphur being 
nearly all in the form of sulphate and sulphite of lime, both insoluble; 
but which, far from being noxious, made the waste a valuable manare, 
owing to its containing, besides the gypsum, very large quantities of 
carbonate of lime and caustic lime, as well as soluble silica and a little 
soda. These experiments were carried out at an old-established alkali 
work at Bingkuhl, near Capel, in Germany. At the time named, the 
black ash was lixiviated there by an old method, which has since been 
abandoned, according to which it was several times removed from one 
vessel to another. This caused the waste to be so very dense, that all 
my efforts to oxidize it in heaps, as by forcing air through it, failed 
completely, so that I could only obtain the results mentioned by expos- 
ing it to the air in shallow layers on shelves. 

Having never had to deal with other alkali waste, I naturally con- 
cluded that the same would be the case with the waste of other works, 
and took out patents for this mode of working in 1861 and 1862, after 
having successfully treated considerable quantities of waste in the 
works named. 

Coming to England in 1862, 1 was soon convinced that this process 
was quite impracticable for the treatment of the vast quantities of 
waste there produced, and would be fearfully expensive at the rate of 
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wages there current, which was fully three times as high as in the works 
I came from. I also noticed the vast difference in the condition of the 
waste produced bj the excellent mode of lixiviation already noticed, 
according to which mode the waste remains, so to say, suspended in 
liquor and water until it is spent, and is thus lefb very porous. As 
soon as I found an opportunity, I tried again to oxidize it by forcing 
air through the waste, and this time I succeeded so well that the time 
of oxidation, which was previously fourteen days, was reduced to as 
many hours, so that there was now a possibility of treating the waste 
in the same vessel in which it was made, without increasing the plant 
to an unreasonable size, and thus altogether avoiding the labour for 
^transporting and manipulating the large mass of material, which has 
always been the greatest difficulty of the question. Having fully 
satisfied myself about the practicability of this method, by experiment- 
ing with vessels holding 10 tons of waste, I took out a patent for it, 
dated the 8th September, 1863, since when the process has undergone 
no change in its essential features. 

The apparatus for the lixiviation of black ash, so often referred to, 
consists of a set of four to six vessels, mostly called vats, which stand 
on a level, and are connected by pipes in such a way that the water 
entering one vat will pass from the bottom of it to the top of the next, 
and so on. They are fitted, besides, with taps and shutes to convey the 
strong solution of alkali to settlers. By this arrangement the water 
always comes in contact with black ash very nearly spent, and the 
weak solution obtained from this is made to pass through black ash 
containing more and more alkali, until at the end they meet fresh 
black ash, and consequently become strongly concentrated. At the 
same time, the black ash remains continually covered, or so to say, 
suspended in liquors of different strengths, and the waste is thus 
obtained very porous. Formerly, this waste was cast out of the vats 
as soon as the alkali was washed out, and the vats were then re-fiUed 
with black ash. I, however, proceed to oxidize and lixiviate the waste 
in the same vats, so that it is not removed until the obtainable sulphur 
as well as the alkali are washed out. As a matter of course, I want 
for this purpose an additional i^umber of vats, which, however, amounts 
to six extra vats only for every set of four as generally in use. Thus 
a set of ten vats is formed, which are all connected in the usual way, but 
are provided in addition with extra pipes, taps, and shutes, for the 
passage of the liquors obtained by lixiviating the oxidized waste, and 
which we will call sulphur liquors, through the several vats in order to 
obtain them more concentrated, and finally into reservoirs or cisterns. 
All the vats have also perforated false bottoms, the space underneath 
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which is connected with a fan bj means of pipes with dampen, whidi 
latter allow of the regulation of the oxidation. 

As soon as the alkali is completely washed out of the waste, and the 
hist weak alkali's liquor is drained off, the damper ia the windpipe it 
withdrawn, and air forced through the waste for a certsdn time, which 
varies according to the pressure of the blast, the porosity of the wastes 
and the desired composition of the liquors to be made. 

The exact time of exposure and pressure of blast which will yield 
the l)est results must be ascertained by experiments for almost ewerj 
work separately; generally an exposure of 12 to 16 hours, and a 
pressure of 3 to 4 inches of water, being sufficient. 

On the admission of air the waste soon begins to heat, the tempera-' 
ture rising gradually to 200^ Fahr. It gives off quantities of steam, 
turns quite greenish, but of a bright yellow colour on the top, then 
becomes more and more dry, and would finally take fire if the blowing 
was continued sufficiently long. 

When the proper state of oxidation is arrived at, which the workmen 
will soon know by experience, and see pretty well from the appearance 
of the waste, the blast is stopped, and the soluble products are washed 
out with water. This operation can be readily performed in 6 boon. 
The blast is then again turned on for the same length of time ai 
before, and the waste lixiviated, and the same treatment repeated a 
third time. 

As you see, from the numbers already given, this treatment alto- 
gether requires from 60 to 72 hours only. The sulphur liquors are 
allowed to pass several vats filled with oxidized waste, by the connect- 
ing pipes already alluded to, and are thus obtained concentrated. 

They contain from 5 to 7 per cent, of sulphur, principally in the 
form of sulphides and hyposulphites. The separation of the sulphur 
from these Hquors by means of muriatic acid, which appears to be so 
very simple, was attended with a good deal of quite unexpected diffi- 
culty. During the first year of working the process, I carried the 
oxidation of the waste so far as to obtain liquors containing principally 
hyposulphite and only little sulphides. These latter I converted into 
hyposulphite by passing sulphurous acid through the liquor, and then 
added muriatic acid, and boiled in order to obtain from the hyposulphite 
sulphur and sulphurous acid. The latter was utilized for converting 
the sulphides of another portion of liquor into hyposulphite. 

I obtained, however, a very impure sulphur, containing so mocli 
gypsum that it could hardly be melted, and I found it very difficult to 
obtain sulphurous acid in sufficient quantity for the first part of the 
process, though the original liquor contained only one-fourth of the sol- 
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phur in form of sulphides. These inconveniences, and the considerable 
loss of sulphur in form of gypsum, induced me to abandon this method, 
and to adopt the following : — 

The oxidation of the waste is so regulated that the liquors obtained 
contain just sufficient oxygen, in the form of hyposulphurous acid, to 
oxidize the calcium and hydrogen present, in the form of sulphide of 
calcium and sulphydrate of calcium, into oxide of calcium and water. 
These liquors are run into vessels of wood, brick, or stone, simul- 
taneously with an equivalent quantity of muriatic acid, the liquid in 
these vessels being kept continually at a temperature of 140° to 150* 
Fahr. The exact proportion of liquor and acid, which may of course 
be precisely ascertained by analysis, can be sufficiently well judged, 
from the colour of the mixing liquids, by an experienced workman. I 
will try whether I am able to show you these colours, and to separate 
some sulphur from the liquid in this bottle, which is of the composition 
above referred to, though it is very difficult to manage a process of this 
sort on a small scale. By this mode of working, about 90 per cent, 
of the sulphur contained in this liquor is precipitated in a very pure 
state. 

It settles very quickly, the clear supernatant solufiion is run off, and 
the sulphur drawn out by a door at the bottom of the precipitating 
vessel, into a wooden vat with double floor, where the remaining 
chloride of calcium is thoroughly washed out with water. It is then 
dried, and melted by heating it in an iron pot, and is thus obtained in 
the lumps which are before you on the table, and in a purer state 
than the average brimstone imported from Sicily. 

As you will see from the different numbers above mentioned, fully 
one half of the sulphur contained in the waste is thus obtained in a 
very pure and marketable form ; and the alkali waste yearly produced 
in Great Britain could furnish nearly the full quantity of brimstone 
which is now imported, without falling back on the tremendous 
quantities of waste stored up in the vicinity of old works. 

Sometimes the latter may be used very advantageously to increase 
the yield of sulphur without going to increased plant and labour. 
Water being brought in contact with these heaps, as is often done bj 
nature in the form of rain or ground water, dissolves out yellow 
liquors, which contain principally sulphjdrate of calcium and very little 
polysulphide. These may be mixed with liquors rich in hyposulphite, 
or they may be used in lieu of water, as has been preferred by Messrs. 
C. Tennant & Ca, to lixiviate the oxidized waste, which in this 
case is of course to be oxidized so as to contain more hyposulphite 
tK^^tt usuaL 
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By these means the amount of recovered sulphur has been incre&sed to 
fully three-fourths of the quantity contained in the waste treated by my 
process. Where muriatic acid is scarce — which, however, is very seldom 
the case where it is properly economized — the waste liquors from the 
manufacture of chlorine, containing free hydrochloric acid, free cblorine, 
perchloride of iron, and chloride of manganese, may advantageously be 
used for the separation of sulphur, as has heen pointed out before me 
by Messrs. Townsend and Walker. This mode of working is exactly 
as with muriatic acid. 

The free acid, the free chlorine, and one-third of the cblorine present 
in the form of perchloride of iron, are thus utilized, and the mixed 
liquors, containing principally chloride of calcium, and manganese, and 
protochloride of iron, are colourless and comparatively harmless. 

Thus a second waste and offensive product can be advantageously 
disposed of. 

The sulphur obtained is, however, in this instance not very pure, 
containing some sulphide of iron, and does not settle so readily as when 
made by muriatic acid. 

With regard to the theoretical part of my subject, I am very sorry 
not to be able to give you a satisfactory account of all the re-actions 
taking place at the different stages of my process. 

We have to deal with a class of bodies, the polythionic acids, which 
have, for some unaccountable reason, been very little studied, though 
they certainly promise very interesting results of great value to theore- 
tical chemistry. 

They yield so little to the theories put forth of late years, which, 
being principally based on our increased knowledge of organic bodies, 
have left many well-known facts of inorganic chemistry unexplained, 
that I prefer to use old equivalents in explaining to you the few facts 
which I have been able to ascertain, as these will allow the re-actions 
to be represented by simpler formula. I regret very much that my 
time has never allowed me to enter this subject as fully as I shoidd 
have wished to do. Like most manufacturing chemists, being engaged 
in business, I could not attend to sincere theoretical work. I believe* 
however, that my process, though still very young, is not in respect to 
the theoretical questions involved in it worse off than its elder bretbren, 
taking into consideration that our knowledge of the theory of our most 
important manufacturing processes is still very incomplete, and indeed 
amounts to very little more than the fact, that the substances which 
we produce have been contained in the raw material used, while we 
know so very little of what the manufacturer really wants for his 
guidance — viz., the different stages through which those raw materials 
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go — that we must mostly depend on practical experience alone in con- 
ducting those processes. You may perhaps believe this statement to 
be exaggerated. 

Leaving, however, the processes of destructive distillation of organic 
substances, so largely employed for manufacturing purposes, and the 
manufacture of cyanides and ferrocyanides, out of the question, I will 
only refer to the manufacture of ultramarine (of which we do not even 
know the formula), to the chamber process for making sulphuric acid, 
and to Leblanc*s method for the production of alkali, the different 
stages of which are by no means satisfactorily established, as a few 
illustrations of this fact. This state of things is certainly astonishing 
at a time when our science has made such rapid progress in every 
direction; and I cannot help thinking that scientific men must look 
with a sort of contempt upon researches on manufacturing processes, — as 
I cannot otherwise explain, that out of the hundreds at present work- 
ing in every branch of the science, so very few take up these important 
questions, but prefer to employ their time to prepare all possible salts 
of a new element, or to study innumerable homologues of a series of 
organic compounds. 

Returning to our. subject, we have, in the first place, to consider 
the action of air and moisture on alkali waste. The principal con- 
stituent of the waste is a compound of calcium and sulphur, insoluble 
in water, the exact composition of which is still a matter of dispute — 
some considering it as oxysulphide, others, simply as monosolphide of 
calcium. 

I have not been able to form a definite opinion on this question ; as 
both would, however, behave in the same way, it is simpler for our pur- 
pose to take the latter view. 

CaS in contact with HO is converted into CaHSj and CaHO^ 
This re-action, which goes on very slowly in the cold, is accelerated by 
the heat evolved during the oxidation of the waste ; the carbonic acid 
of the air, with CaS, also forms CaHSg and CaCO^. 

The oxygen of the air oxidizes the CaS to CaSg and CaO, the 
latter of course combining with the water present, in moist waste. 

At an early stage of a slowly-conducted oxidation, we thus obtain 
liquors from the waste containing nearly only CaSg and CaHSg. 

Continuing the action of air, or forcing it through the waste at a 
greater speed, the CaHSj is oxidized into HO and CaSj, and the 
CaS^ formed both by this and the above-mentioned re-action is further 
converted into CaSgOg. This latter compound decomposes readily, 
when exposed to an elevated temperature, into S, and CaS03, which 
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is vexy insoluble. The sulphur thus separated is taken up by the CaS| 
in the solutions, forming jjolysulphide, which agwn dissolves CaHO, 
out of the waste, forming with it compounds onlj sparingly soluble^ 
which sometimes separate from the liquors in beautiful crystals. 
Forcing air at a moderate speed through a certain height of waste in a 
vat, all these re-actions will take place at the same time in diflerent 
places, and the liquors obtained by lixiviatbg alter certain periods of 
exposure, will contain the substances named in quantities proportionate 
to the time of exposure. By forcing the air rapidly through the waste^ 
and for a greater length of time, the CaSj will be nearly all con- 
verted into CaSpOj, and thus liquors are obtained very suitable for the 
preparation of hyposulphites. By going still further, the CaSjOi 
will completely decompose into CaSOj and S. The former will 
rapidly form CaSO^, with the evolution of a considerable quantity of 
heat, which will cause the sulphur to take fire and bum to sulphurous 
acid, which partially escapes. The temperature being once so elevated, 
the CaS, which remained so far nnoxidized, is converted rapidly into 
CaSO^, and the heat in the waste thus rises sometimes so far as to 
make it red-hot. You will see from these re-actions that the pro- 
longation of the exposure to air over a certain limit will cause decom- 
position of soluble sulphur compounds in some parts of the waste aft 
first, and will gradually turn them altogether into sulphate of hme^ 
which would make them lost for our purpose. Removing them, how- 
ever, at a proper time prevents this loss to a great exteqt, and enables 
us to treat the waste repeatedly with the same result. So far I have, 
however, not been able to prevent the oxidation of a part of the CaS 
into CaSOj and CaSO^, and this is the reason why I cannot 
recover all the sulphur which the waste contains, by my method. I 
have, however, no doubt that, with a few years' more practical 
experience, the process will in this respect yield better and better 
results,^ as has been the case with every other manufacturing proce« 
known. 

The sulphur liquors contain, as already stated, according to the; time 
of exposure and the pressure of the air, varying quantities of CaS^O^ 
CaSj^, CaHSj, and CaO, HO, besides a trace of CaSOj and CaSO^, 
which are however both so insoluble (in 800 and 400 parts of water 
respectively) that they hardly deserve to be noticed. It is of great 
importance to ascertain the relative quantities of the first-named 
constituents, as the oxidation must be regulated accordingly. I have 
found no means to ascertidn the quantity of CaO, HO in these 
liquors, as in presence of CaHSj it behaves exactly as CaS. As % 
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however, plays the same part daring the decomposition of the liquor, 
it makes no di£Perence to our purpose to determine and calculate it as 
present in this form. 

The hyposulphite is determined as usual, hy a standard iodine solu- 
tion and starch, after having precipitated the sulphides hy a salt of zinc, 
and filtered. Another portion of the liquor is tested hy the same 
iodine solution and starch, until the hlue colour appears. It is then 
again decolorized hy a drop of hyposulphite of soda solution, litmus is 
put in, and a standard caustic soda solution is added until the liquor 
remains hlua The addition of acetate of soda makes the end re-action 
of this process very distinct. 

The following re-actions take place : — 

2 CaSsOg + 1 = Gal + CaS^Oj 

CaSx + I = Cal + xS 

CaHS2 + 2I = CaI + 2S + HI 

HI + NaO = HO + NaT. 

As you will readily see from these equations, the iodine used for the 
first test shows the calcium present in form of hyposulphite ; the 
caustic soda, the calcium present in form of sulphydrate ; and from 
these and the total iodine used, the calcium present in form of poly- 
sulphide is easily calculated. 

The latter containing generally only little more than 2 equivalents 
of sulphur to 1 of calcium, the test may be as well applied to ascertain 
approximately the amount of sulphur present in the liquor. In 
separating sulphur from these liquors in the way before described, and 
carried out in your presence, though the final result of the process iB 
so very simple — 

CaS203 + 2 CaSx +3 HCl forming 3 CaCl + 3 HO + (2 + 2 x) S, 

and (2 + 2x) S, and 
CaSgOg + CaHS2 + 2 HCl forming 2 CaCl + 3 HO + 4 S. 

There are very likely all possible compounds of hydrogen, oxygen, and 
sulphur, from HS^ to HSO4, formed in different parts of the vessel, 
and at different stages of the process. 

I have been able to ascertain the presence of all those of the com- 
pounds named which our present knowledge allows as to recog- 
nize in presence of the others — thus, HS5, HS, HSjOj, HSgO^, HS5O5, 
HSOj, and HSO4. Of the two missing ones, HSgO^ and HS^O^, we 
have at present no re-actions which would allow their presence to be 
ascertained when mixed with the others. The formations of HSg and 
HS, bj bringing in contact CaS^ and CaHS, with HCl, is obvious to 
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ererj Ofie. It takes place onlr in startni^ an emptj resseL Kkd tben 
the HS^ b often Ken floating on the top of the miinny liq^^rz?. Tie 
formation of HS^O^ rerr likelj takes place br the direct decoispocLca 
of CaSjO^ as Chancel and DIacon have directlj obtained h br 
decomposing BaS^Oj with HSO^ (5 CaSwO, • 5 ' HCl = 5 C^.- 
2 HS/J^ ^ 3 HO;. The HSfi^ is formed bj the following ecjaatiun :- 

5 CaS/Jj + a Ha = 3 CaCl + 3 HO + 2 CmSjO^^l S. 

These I found to be the principal products of the decompositkHi of 
CaSjO, and HCl at a temperature of 140° to 150- Fahr. Ob 
boiling, or by standing for a number of hours, the CaS^O^ decora- 
pones into CaSO^ + S-f SOj, which accounts for the lai^ne quantities of 
gypsum obtained by decomposing liquors very rich in CaS«0^ 

If, in this latter case, the muriatic acid is poured into the liquor 
gradually, the SOj thus formed converts the CaS^O^ still present, 
again into CaSsO^ (2 CaS^O^ + 3 SO^ = 2 CaSsO^ + S), and this is 
again decomposed into CaSO^ + S + 80^, so that the end of the 
re-action would be very nearly 

3 CaSgOg + Iia = CaCl + HO + 2 CaSO^ + 4 S. 

Tliis accounts for the difficulty which I found in obtaining suIphu^ 
ous acid in quantities by decomposing hyposulphite of lime by means 
of muriatic acid. In my present mode of working, however, the 
CbSsOq formed meets again with CaSj which reduces it to CaSfi^ 
(CaSaOfl + CnSg = S + 2 CaSgOg), the CaSgOg, or any other CaSx 0^, 
und(TgocB a similar reduction, and thus the formation of gypsum is 
almost entirely avoided. Only at the end of an operation there 
remains a certain small quantity of hyposulphite of lime in the 
li(|uoni, which is decomposed by adding a quantity of muriatic add 
insufllciont to saturate the calcium in this hyposulphite, and the dear 
decomposed li(juor, which is run off our precipitating vessels, thus 
contains, bcHides clilorido of calcium, all the acids mentioned, though 
in very small quantities. 

I must hero leave my subject, asking you again to excuse the man- 
ner in which I have brought it before you, on account of my being a 
forcijjncr to your country and language. I shall be very happy to give 
you any further explanation on those points which I have failed to 
make sullicicntly clear. 
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VIII. — On Animal Charcoal, particularly in Relation to its Use in 
Sugar R^ing. By William Wallace, Ph.D., F.RS.E. 



Head in the Chemical Section. 



Akimal charcoal is made by heating bones in retorts until the organic 
substances they contain are decomposed into volatile matters and 
carbon, the latter remaining mixed with the mineral constituents of 
the bones. The manufacture is carried on at Mr. Townsend's works at 
Port-Dundas, Mr. Poynter^s in Greenock, Messrs. Macfarlane and 
Arthur's in Paisley, and Mr. Brown's at Camtyne, Duke Street. 
Nearly all the bone-char made in these works, besides a large quantity 
imported from France and Russia, is employed in the sugar refineries 
on the Clyde. The quantity manufactured is considerable; for 
although charcoal lasts a very long time, yet it requires to be 
occasionally renewed; and the stock gradually dwindles down by rarious 
causes, to which I shall presently refer, and must therefore receive 
constant though small additions. Without claiming to be quite 
precise, I calculate the quantity of charcoal in use in the Clyde 
refineries at from 4,000 to 5,000 tons — probably 5,000 tons is nearer 
the mark than 4,000 — while the annual renewal is probably about 
1,500 tons. 

The carbonization is effected in oast-iron cylinders of about 
18 inches diameter and 10 feet long ; but the form and size may be 
varied at pleasure. The time occupied varies also according to cir- 
cumstances; but twelve hours is a common length of time, and generally 
makes better charcoal than six hours, even although the heat in the 
latter case is made stronger. The retorts are kept g^oing day and 
night as long as they are fit for use. The manufacture in many 
respects resembles that of coal gas; and there are formed, as in that 
process, gases and liquid substances, while a solid remains behind 
containing the mineral matter mixed with carbon. 

The bones, after being charred, are crushed between rollers, and the 
dust removed, when the charcoal is ready for use. The quality of the 
char varies a little with the description of bones employed and the care 
taken in the manufacture. For example, there are what are called 
home-collected bones, which certainly, if hand-picked, make the best 
charcoal; there are South American shank bones, from the salideros of 
Brazil and Buenos Ayres; and there are camp bones, which are 
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frequentlj dug up from old battle-fields, and must be a miziare of all 
sorts, but chiefly cattle and horses. Many of these bones bear evidence 
of having been buried for a considerable time; and it ia quite easy to 
distinguish the charcoal made from them from that prepared from 
recent or ''home-collected" bones. Besides these varieties, we have 
large shipments from Italy and Turkey, in the latter of which the 
bones of the camel are mixed with those of cattle, antelopes, sheep, 
and horses. 

The composition of the best charcoal, made from home-collected bones^ 
\A something like this, when dry : — 

Carbonaoeons Matter, .10 

Phosphates of Lime and Magnesia, ... .18 

Carbonate of Lime, .8 

Sulphate of Lime, . '2 

Alkaline Salt^ -8 

Oxide of Iron, *1 

Silioic Acid, *3 

100 

The carbon varies a little according to the amount of boiling with 
water the bones have received, in order to remove grease and gc^tine ; 
but it also varies in different parts of the bone, the exterior bard part 
having a smaller percentage than the interior and softer portion. 
Hence the larger the size of the charcoal, the less the proportion of 
carbon present The carbonate of hme also varies a little. Beddei 
the above ingredients, the charcoal usually contains about 10 per cent, 
of water, which is thrown upon it in order to cool it, and to prevent 
the carbon from burning away. 

The chemical analysis of charcoal presents certain difficulties, not- 
withstanding the apparent simplicity of its composition. This is par- 
ticularly the case with regard to the carbonic acid. But I will not 
detain you by describing my method, as you will find one equally good, 
although perhaps a little more complicated, in the second volume <^ 
Fresenius, special pari In this process, as in my own, the carbonic 
acid is accurately measured. The method used by some chemistB of 
precipitating the phosphate of lime, and then throwing down the lime 
in the filtrate in the usual way, gives results entirely fallacious. There 
is tKScasionally a trace of free lime in the charcoal ; but I have never 
found it to be more than a minute quantity. It is best, however, before 
estimating the carbonic acid, to treat the finely pulverized charcoal with 
solution of carbonate of ammonia. 

I have stated carbon to be one of the oonstituents of charcoal ; bat 
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althougb it is always called carbon, it is not strictly pore carbon, bat 
consists partly of that element and partly of nitrogen. The fact that 
charcoal prepared from animal matters contains some nitrogen has long 
been known ; but I do not recollect having seen any statement of the 
amoant. I have made only a few determinations myself; but these 
appear to indicate that the proportion is variable, and also that, when 
the char is used in sugar refining, the amount constantly diminishes. 
Thus, in a sample of char made from home-collected bones, I found no less 
than 1'55 per cent, of nitrogen out of a total of 8*5 of carbonaceous 
matter; and in another sample, made from foreign bones, I found 1*08 
of nitrogen out of 9 of carbonaceous matter. * Two samples of moder- 
ately old char gave respectively *3 and *55 of nitrogen — ^the quantities 
of carbonaceous matter being respectively 15 and 17. I am not at 
present prepared to express an opinion whether this nitrogen plays 
an important part in the decolorizing action exerted by charcoal; 
but one thing is certain, and that is, that we know of no variety of 
charcoal that is really a good decolorizing agent that is not made 
from a highly nitrogenous substance. Wood charcoal, for instance, 
although eminently porous, is a very poor decolorizing agent, and is 
practically useless. I shall, however, reserve my remarks upon the 
active constituent of charcoal until I have discussed some other 
points. 

New charcoal always contains traces of ammonia; and we cannot 
wonder at this when we consider that a large quantity of ammonia is 
given off from the bones during the calcination. The amount is 
usually very minute.f Frequently it exists as sulphide of ammonium, 
and in this case causes great damage to sugar run through it; but 
such accidents are entirely prevented by washing the charcoal well, and 
re-burning it before passing liquor over it. By this treatment the 
common salt is removed, together with the traces of ammonia; traces 
also of sulphide of calcium are either removed or rendered harmless. 
Whenever charcoal is overbumed, the small quantity of sulphate of 
lime always present is decomposed, forming sulphide of calcium ; and 
this always exerts an injurious action upon sugar. Such overbumed 
charcoal gives off the odour of sulphuretted hydrogen when moistened 
with water, and still more distinctly when treated with an acid. A 

* The carhon in this sample, separated hy diBSolring in add, gave 8*2 per cent, 
of nitrogen, or in 9 grs. '74, or only ahout } of the total quantity of nitrogen 
present. In other cases the proportion of nitrogen in the separated carhon was 
mnch less. Generally, the quantity of nitrogen in new charcoal is ahout one- 
tenth part of the total carhonaceous matter. 

t In a particular case I found a new charcoal to contain "Oil per cent of 
ammonia^ 
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sample of new char g^ve 08 per cent, of snlphnretted hydrogen on 
treating with hydrochloric acid. 

Again, charcoal, both new and old, retains appreciable qaantatieB of 
gases which escape when cisterns containing it are filled with liquor; 
and these gases are frequently combustible, and, when mixed with air, 
explosive. 

I shall now refer to some mechanical properties of animal chaiooaL 
I have long regarded the bulk that charcoal occupies, as compared with 
its weight, as a properly of great importance. A ton of new charooal, 
when dry, fills a space of 48 or 50 cubic feet ; but the same weight of 
old charcoal occupies a much smaller space — it may be 40, 35, 30, or 
even so little as 28 cubic feet ; in fact, its apparent density, whd 
measured dry, increases with age until it is nearly double what it was 
at first. But when we come to the absolute specific gravity of old and 
new char, we find that the difference is very slight indeed. Thus, a 
sample of new charcoal, occupying 50*6 cubic feet per ton, or having 
an apparent gravity of *71, had a real specific gravity of 2*822; a 
moderately old sample, occupying 85 cubic feet per ton, or having an 
apparent gravity of 1*03, had a real gravity of 2*857, or only a trifle 
more than the new charcoal The specific gravity of phosphate of 
lime in a pure state is about 3, that of carbon about 1*8 to 2, and 
carbonate of lime 2*7; and the gravities found correspond veiy 
closely with the calculated numbers. Now, here is a point of the 
utmost importance, and one to which I believe I was the first to draw 
the attention of sugar refiners — that charooal diminishes rapidly in 
bulk by constant re-burning, while the real gravity remains practically 
unaltered. What are we to infer, then P Evidently this, that, by 
constant re-heating, the particles of charcoal become smaller, by Hbo 
diminution of the pores; and hence old charcoal is less porous than new; 
and hence, also, the apparent gp'avity of char furnishes a ready and 
certain indication of its value for sugar-refining purposes. The mere 
e£feot of the continued iqpplication of heat is weU illustrated in the 
following experiment: — ^A quantity of new char was taken, occupying 
48 cubic feet per ton, and exposed to a pretty strong heat in a covered 
crucible for an hour, after which the space taken up by a ton was <mly 
48*2 cubic feet; afber two hours more it was 40*8 cubic feet; after 
other four hours it was 88 cubic feet; and after four hours longer of a 
strong heat it was 85*5 cuImo feet: thus losing in eleven hours as 
muoh porosity as it would by being le-boned in a sogar-hoose aboat 
100 times. 

It is well known to ohemists that phosphate of Ume or bone-asih is 
oapaUe of bebg raadfly fused at a high temperature, siieh as that of a 
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pottery kiln, and that in fact it is largely employed in potteries for 
making what is called English porcelain, in which it acts the part of 
felspar in the hest French and German porcelain ; that is, it fhses, and, 
binding the particles of clay and flint together, makes the whole 
▼itreous and non-permeable by liquids, while common earthenware is 
quite porous unless glazed. A bone pretty strongly ignited becomes, 
not exactly fused, in the ordinary sense of the word, but the particles 
appear to agglutinate, and the bone shrinks very much in volume, 
retaining its shape, and is now vitreous and even translucent. When 
struck, it has almost the ring of a piece of metal. I have no doubt 
that a still higher temperature would actually fuse the bone; but I 
have never seen the experiment carried so far. In the case of animal 
charcoal which, in re-burning, is subjected only to a moderate degree of 
ignition, the phosphate of lime does not fuse, but it is evidently acted 
upon to such an extent that its particles agglutinate, and the pores 
become lessened. The statements I have made regarding the apparent 
gravity of old and new charcoal amply prove this; but the same 
conclusion may be arrived at by other means. A piece of new 
charcoal burnt white has the dull porous fracture of chalk ; but when 
old char is burnt it has the appearance of pieces of flint or pebbles, 
showing conclusively that the pores in it are either smaller or less 
numerous than in new charcoal. Again, if we take some new charcoal 
in a cistern or a funnel, and run water upon it until it refuses to retain 
any more, we find that it will hold a very large quantity — ^viz., from 
80 to 100 per cent. — that is, if the charcoal is previously quite dry. 
But if we make the same experiment with old charcoal, we find a 
marked difference, the quantity capable of being retained being only 
frt)m 80 to 45 per cent. Once more, new char, if quite dry, requires 
about 20 per cent, of water to make it perceptibly wet, while old char- 
coal (two or three years in use) requires only about 5 per cent. These 
facts prove incontestably that the pores of old char are either smaller 
or less numerous than in new char; and I think it is a fair conclusion 
that, if we wish to retain char in an efficient state, we should bum it 
so as to lessen the porosity as little as possible. 

But although the action of heat is the main cause of the increase 
in the apparent gravity of char, it is not the only one. In most sugar- 
houses the proportion of carbon gradually increases; so that, beginning 
with a charcoal containing 9 or 10 per cent, of carbon, we have it in two 
or three years increasing to 14, 15, or as I have even seen it, although 
in an extreme case, 19 per cent. The source of this carbon is obvious 
enough : it is derived from the organic impurities extracted from the 
sugar, which in re-burning are carbonized. But this carbon is notr 
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deponied upon the mntaee of the chtreoaly si least not exAaart 
and benee the accomalation filli up the pores to a e e iiaui extd 
Cbarcoftl ooDtainiiig a large deposit of carbon is alwmjs iiiof« or I 
gUzed; but the gbudng depends in part, at least, iqwo the firictiaD 
which the char is exposed. Perfectly new cfaar mmj be giasd 
simple attrition of its own particles, hot the prooeaa is tediowa T 
more carbon there is in old char, the more readilj does it been 
glazed by attrition. 

The deposit of carbon bemg a Tery great erfl in togmr refinii^ it 
obTioos that if it can be prevented, a p<Hnt of great impoitanee 
gained. That thii can be done is certain ; for in some refineries tl 
carbon does not increase at all, and in others it speedily diminishes, \ 
that sometimes it does not exceed 2 or 3 per cent. Bat when 
decrease takes place, it is from a false system of treatment, — either tl 
admission of air into the re-burning apparatus, allowing the hot char i 
pass through the air into the cooling boxes, or the application in tl 
kilns of too high a temperature, which causes a re-action to take pia 
between the carbon and the elements of wat^, resulting in the formi 
tion of carbonic oxide gas and carburetted hydrogen. But if ever 
thing is tight, and the heat not excessive, the carbon will ineTitsbl 
increase, unless we take the precaution of washing out of the charoofl 
before re-burning, nearly all the organic matters which have bee 
absorbed from the sugar liquor. This can only be done by a laq 
expenditure of water, which should be quite boiling. Indeed, one < 
our most advanced sugar refiners insists that the charcoal must 1 
bailed vnth ifie vxUer; and my own experience quite bears out b 
assertion. 

But extensive washing does more than simply remove the vegetal] 
matters absorbed from the sugar. There are mineral matters also a 
Borbed, not from the sugar only, but also in some cases from the wat 
used to dissolve the sugar. In all sugars we have a certain proporti( 
of soluble salts of potash, soda, lime, and magnesia, the total quantil 
being in ordinary raw cane sugars from } to 1 per cent. ; but in be 
very much more, varying, in the qualities that come here for refinii 
pur|>oscB, from 1^ to 8 per cent., although in extreme cases 
amounts to as much as 6 or 7 per cent. The highly soluble salt 
such as those of potash, have no effect upon the charcoal, and on) 
annoy the refiner by accumulating in the syrups ; but sulphate of lim 
a salt only vwy slightly soluble in water, has a very serious influene 
Bulphato of lime dissolved in sugar liquor is readily absorbed b 
olutfooal; but it may be got rid of by extensive washiog, and mo] 
oomplotely still by boiling. The power char possesses of absorbin 
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and retaining certain substances depends very muoh upon circum- 
stances. So long as the sugar solution is strong (having a gpravity of 
1*2 or 1*25), sulphate of lime is absorbed and retained; but whenever 
the washing begins, and the liquor gets weak, the sulphate of lime 
commences to dissolve out, so that it is no uncommon thing, in boiling 
down weak char washings, to obtain a plentiful crop, not of sugar, but 
of sulphate of lime. When the water is hard and contains much 
sulphate of lime, the proper washing of charcoal becomes almost, if not 
quite, an impossibility ; and 1 have myself analyzed charcoal contain- 
ing 2\ per cent, of sulphate of lime ; while in the refineries on the 
Clyde it is a very extreme case when 1 per cent, is present, the usual 
amount in old charcoal being from ^ to | per cent. Hard waters 
also contain usually a good deal of lime in the form of bicarbonate, or 
carbonate dissolved in solution of carbonic acid ; and this carbonate is 
readily absorbed by charcoal, at least when it is abundant, and some- 
times fills up the pores to such an extent as to render the char 
practically useless. I shall revert to this subject by and by. 

Let us now turn for a brief space to the offices fulfilled by the various 
ingredients of charcoal. And, first, let us inquire to which of its con- 
stituents does it owe its properties, and what are these properties? 
Charcoal, that is, animal charcoal, has a powerful affinity for^-or at 
least, as that phrase may be objected to, a great power of absorbing — 
gases, colouring matters, and mineral salts, which are only slightly 
soluble in water ; all of these being in solution. It is with colouring 
matters that we have chiefly to do in sugar refining; but not entirely 
so, for raw sugar contains vegetable albumen and various gummy and 
other matters, which for convenience are gprouped under the general 
term of extractive matter; and these are as readily absorbed as the true 
colouring matter, and their removal is quite as essential. So that if 
we could practically bleach sugar by sulphurous acid, chlorine, ozone^ 
or some other chemical agent, we should still require to use charcoal to 
get rid of the extractive matter. I have found by experiment that 
ordinary egg albumen is absorbed in large quantity by charcoal, and also 
gum of the ordinary soluble kind; and it is remarkable that both of 
these substances have an insoluble modification, and I am inclined to 
think that this has something to do with their absorption. Again, char* 
coal, at least when not too old, readily absorbs a considerable quantity 
of iron, so that liquors contaminated with that metal are completely 
freed from it by passing through a cistern of new char. 

The ingredient which exerts this powerful action is evidently the 
nitrogenous carbon; for if we bum charcoal perfectly white, not only 
on the outside of the grainsy but to the very centre of each particle^ it 
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no longer ntuns ihe dighieti iraee of deooloiiang power. Thii I 
hare prored b j ickial ezperimenty and is not a mere <^in]Ofu But it 
10 quite evident that the carbon owes its extraordinarj powers to ik 
eziareme poroeitj, the particles being infinitely comminated and kept 
asnuder bj admixtore with ten times their wdght <^ phosphate of fime. 
The effect produced upon sugar liquor is truly wonderfiiL Althoogh 
of a dark reddish-brown colour when run on to the char, it comes awaf , 
for a time at least, perfectly colourless. After running for some time 
it begins to lose its power — ^iu other words, the pores become more or 
less saturated — and the liquor gradually acquires, firat^ a pale lemon 
yellow, and then a brownish colour. The sugar refiner takes care to 
economize hit char as much as possible by passing through it, first, good 
raw sugar, afterwards an inferior sort, and lastly syrups firom the drainsge 
of prerious refines. 

But although the carbon is the essential decolorizing ingredieDt, 
yet there is another substance in charcoal that exerts a Yery marked 
influence upon the process of sugar refining, and that is carbonate of 
lime. This ingredient is exceedingly useful in neutraludng the smsU 
proportion of free acid present in almost all sugars, with the exception 
of beet; and it is still more important on account of its neutrahzing 
the lactic and other acids formed in the weak liquors during the wssh- 
ing of the charcoal, by a process of fermentation which it is very difficult 
to prerent. Hence charcoal which has been deprived of all or nearly 
all its carbonate of lime is very objectionable, and is sore to give rise 
to sour liquors and the occurrence of iron in the lower classes of sugar 
produced in the refinery. When the water used contains only traces 
of carbonate of lime, as is the case in Greenock and Glasgow, the pro- 
portion of that compound naturally present in the charcoal constantly 
decreases, until, in pretty old char, it is reduced to about 1} per cent 
It seldom goes below this, and never so far in a refinery conducted 
upon scientific principles; but I have seen char that did not contain any 
appreciable quantity. When the quantity falls below 2i per cent, 
sour liquors are sure to follow. On the other hand, when very hard water 
is used, even although sour sugars are used, the carbonate of lime either 
decreases very slightly or it increases, and sometimes to an alarming 
extent; and in beet refineries on the Continent, where lime is freely 
added to the juioe, the evil is a very serious one. In this case it 
oloses up the pores, and does a great deal of damage in various 
ways; and many expedients have been adopted for the purpose of 
getting rid of it. The old process consisted in treating the char, 
after re^buming, with 1 or 2 per cent, of ordinary hydrochloric acid, 
diluted with enough water to wet the char completely. But in thia 
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case the saturation, although pretty rapid, was not sufficiently so: the 
char which came first into contact with the acid got too much of the 
acid, which dissolved some of the phosphate of lime; and when the 
liquid got to the char furthest from the surface it was completely 
neutralized, and did no good whatever. The process of Mr. Ed. 
Beanes is a very great improvement upon this system, and has been 
adopted with marked success in restoring old charcoal which had been 
used in beet factories, or in refineries where very hard water was 
employed. It consists in saturating the perfectly dry char with 
hydrochloric acid gas (dried by means of chloride of calcium), after- 
wards exposing it to the air until the excess has escaped, and then 
washing it well with water and re-burning. The expense of the process 
is considerable, as two washings, dryings, and re-burnings are required, 
over and above the cost of the acid. The use of this process in refin- 
eries where the water is not hard, or when circumstances do not require 
its aid, is attended with very disastrous consequences, and even its 
constant and continued use in any case is a great mistake, as it is 
impossible to get rid, by washing, of every trace of free acid; and this 
exercises a marked efiect upon the crystallization of the sugar, and serves 
abo to permit the syrups to become contaminated with iron when 
kept, as they usually are, in iron tanks. On the other hand, it must be 
allowed that a trace of acid in sugar improves the colour, making it 
very perceptibly paler or whiter. This is readily seen on adding a 
drop of any acid, or even vinegar, to a yellow syrup, when the colour is 
immensely improved. If, however, the syrup is to be boiled down, the 
acid does far more harm than good, and should certainly be avoided. 

Beanes^s process and others of a similar nature have likevrise been 
applied with marked success to new charcoal, for the purpose of 
removing traces of ammonia and free lime, and also a part of the 
carbonate. When a refinery starts afresh with new charcoal entirely, 
the use of acid to improve the char is attended with the best results; 
but when only 5 or 10 per cent, of new is added to the old char, it does 
probably more harm than good. That char deprived of its carbonate 
of lime by acid gives finer liquor than ordinary char, either new or old, 
is quite undeniable ; indeed, the difference is very marked ; but upon the 
whole the best practical results, throughout the whole of the opera- 
tions of a sugar-house, are obtained when the charcoal contains about 
8 or 3^ per cent of carbonate of lime, and the liquors are as nearly as 
possible neutral. When a fine yellow colour appears in the crushed 
sugar produced, as is commonly observed after a liberal addition of new 
char to the old, it is an indication of the presence of a trace of alkali; 
while, on the other hand, sugar from very old oharooal, nearly free 
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from oarbonaie of lime, htm always more or leas of m grmj tint, and a 
aoar disagreeable smell, and such sugar always oontains traces of iron. 

Another process has been proposed for treating charooal wiUi 
hydrochloric acid — that of Mr. Gordon — ^in which the char is placed in 
a cylindrical vessel of considerable size, which is then exhausted by an 
air-pump, after which dilute hydrochloric acid is allowed to rush 
in at a great many points, so as to saturate the char at once. The 
advantage of this over Beanes's process is that we can in this way 
apply any g^ven quantity of acid, while with the gas we must aiwayi 
use excess. Hydrochloric acid, besides removing carbonate of lime^ 
likewise serves to dissolve out some of the sulphate of lime; but this 
can also be done by washing plentifully, or, still better, by boiling 
with water. 

I have as yet referred only to the decolorizing power of charcoal; 
but it has another property which, although valuable when the article 
is used for purifying water and as a deodorizer, is a very serious 
drawback to its use in sugar refining — ^I mean its power as an 
oxidizing agent. If water containing oxidizable organic matter and 
free oxygen is digested with animal charcoal, or passed through a 
cistern of it, the organic matter is oxidized by the free oxygen, and 
the water is rendered purer and more wholesome. The same property 
can be illustrated in a variety of ways; but the one I have stated is 
sufficient for our purpose. When we begin to wash char in the 
cistems of a refinery, after the syrup has drained away, we have a 
dilute solution of sugar formed which, in contact with the charcoal and 
the free oxygen contained in the washing water, becomes more or less 
oxidized, forming lactic and probably other acids, of which the nature 
has not as yet been particularly examined. I do not mean to say that 
we have here direct oxidation of sugar by free oxygen — for that is not 
the fact — but we have oxidation and alteration of the nitrogenous 
matters extracted by the char from the sugar: these undergo 
fermentation, and then re-act upon the sugar, the ultimate result being 
the formation of certain organic acids. These acids make the 
washings sour and putrid; but this is not the only evil, for they at 
once decompose any sulphide of calcium or sulphide of iron in the 
charcoal; they dissolve carbonate of lime, sulphate of lime, and oxide 
of iron; and the consequence is that the char washings become 
BO very impure that, when thrown back amongst the other products 
of the refinery, or mixed with a fresh lot of raw sugar, they cause an 
immense amount of mischief, and in certain cases have been the means 
of bringing the operations of the refinery to an abrupt conclusion. 

This is a department of sugar refining which, from its importance. 
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has necessarily occupied a good deal of my attention ; and I think I 
may say that I have made known to refiners, at least to such of them 
as have thought fit to occupy themselves with the subject, the means 
of entirely preventing such injurious results. The method recommended 
is simply this: — While the sugar liquor is on, the char cisterns are kept 
up to at least 150°, — a temperature sufficient, so long as the liquor is 
strong, to prevent any fermentation ; then, when water is applied for 
the purpose of washing down the sugar, it is run on quite boiling ; in 
fact, if it has been kept boiling for some time before it goes into the 
char cistern, so much the better; and so it is kept boiling so long as 
any of the char washings are to be preserved. When these directions 
are attended to, there is never any difficulty with sour char washings, 
or with the presence of iron in the lower-classed products of the 
refinery. If the char is afterwards washed continuously for ten or 
twelve hours with boiling water, it will do more good than cold water; 
and if boiled with water, as in Mr. Gordon's method of treatment, it is 
even better. 

We now come to the re-burning of charcoal, a subject of very great 
imxK)rtance to the refiner. The object to be attained is to carbonize 
the small amount of organic matter extracted from the raw sugar 
which has not been removed during the process of washing. In 
order to do this well, the process should be economical as regards fuel ; 
it should allow of the complete carbonization of the organic matters ; 
it should permit of the ready escape of the gases and vapours produced ; 
and it should expose the charcoal for only the smallest possible length 
of time to the heat required for carbonization, so as to avoid the con- 
traction of the pores of the charcoal by the action of he%fc|Jbesides all 
the other evils attending overbuming. t 

There are two distinct kinds of re-burners, — those in which upright 
pipes are used, and those that consist of horizontal revolving 
cylinders. 

The kind of kiln in general use consists of a series of upright cast- 
iron pipes, generally arranged in six rows of eight or ten pipes each row, 
three rows being on one side of the furnace and three on the other. 
The flame of the furnace plays directly upon the pipes, and the gases 
are conducted away from the sides of the kiln. The wet char, as it 
comes from the cisterns, is placed upon the top of the kiln, and sinks 
gradually down as the burnt char in the pipes is allowed to fall into 
the cooling boxes below. These consist of sheet-iron vessels the same 
length as the row of pipes to which they are attached, about 6 
feet deep and | inch to 1 inch diameter, and cooled simply by 
contact with the exterior atmosphere. This kiln is open to many 
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objeciioDB. The wet char above preTents the firee escape of the 
gases and vapours resulting from the carbonizing of the char 
below, and so these vicars are to some extent driven through 
the hot char downwards into the cooling boxes, from the joints of 
which combustible gases and steam may frequently be seen to escape, 
and where masses of ammoniacal salts are sometimes observed to 
collect. Again, the heat applied is generallj far too great ; bat still it 
cannot be avoided, as without it the great quantity of moisture present 
would not be driven off. In fistct, the great mistake arises from drying 
and re-burning in one operation and in one vessel. The relative pfo- 
portions of units of heat required to dry and to re-bum a given quantity 
of charcoal has been determined by various authorities, but with veiy 
different results. Mr. Q-ordon g^ves the quantities as three to dry and 
one to bum; but my own experiments, conducted with great care, show 
that with ordinary average charcoal not more than one-fifbh part of the 
total heat is required for re-burning, and with new char the proportion 
is still less. Now, in the upright pipes the char at the bottom is 
exposed to the strongest heat, and most unnecessarily so; the strongest 
heat should be applied where it is most wanted — that is, to the wet char 
at the top of the pipes. I must say, however, that this kiln has done 
much good service ; and if it were improved, as it might be, it would 
still be used with advantage. The gases and vapours can be drawn 
off readily by a series of inverted funnels moved up and down by 
machinery. This has been patented by Mr. Gordon, and has been 
found to work admirably in his own sugar-houses. Then, again, the 
char might easily be wholly or partially dried before being introduced 
into the pipes — ^a process which has been adopted successfully in some 
refineries. Lastly, the cooling boxes may readily be made of such 
depth (say 10 feet) that the char leaves them almost quite cold ; or 
water may be employed in cooling.* With these improvements well 
carried out, the common pipe kiln might still successfully compete 
with others of gp*eater pretensions, and the amount of work per- 
formed by them might easily be increased to three times the present 
quantity. 

What are known as Chantrell*s kilns are constmcted of blocks or 
slabs of fire-brick, and are a very clumsy and expensive modification of 
the iron pipe kiln. They possess no advantages over the latter, and 
are in some respects inferior, while they consume a very much larger 
quantity of fuel. 

* The water is not applied to the char itseli^ but is contained in a aenes of 
pipes, or in a narrow chamber in the centre of each cooling box. The diroct 
i^ppUoation of water to hot char is very ii^nrious. 
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Of cylindrical kilns we bare Cowan's, Torr's, Bringe's, Gordon's, 
and Norman's. Cowan's is the simplest, but probably also the most 
defective, and consists of a single cylinder placed horizontally, which is 
half-filled with char, and then kept rotating over a fnmace until no 
more vapours are g^ven off; after which it is stopped, and the char with- 
drawn red-hot into iron boxes. In this process a good deal of the char 
becomes white, gray, or brown, from loss of carbon ; and this result arises 
partly in the cylinder, and partly when the char is withdrawn. In the 
cylinder the larger particles of the char constantly fall over first, and 
come in contact with the red-hot metal, and these are always over- 
bumed, while the smaller grains run the risk of not being burnt enough. 
In most of the later modifications of this apparatus two cylinders are 
used, one being placed above the other; and this exercises a considerable 
economy of fuel, the large expenditure of which in the case of the single 
cylinder is alone enough to prevent its adoption. In Mr. Gordon's 
process, patented in October, 1866, in which the re-burning, however, 
is only a part of the process, two cylinders are employed for drying the 
char, while the burning is effected in extremely narrow pipes, and 
occupies only a few minutes. But, after an extended series of experi- 
ments on a practical scale, he came to the conclusion that in any form 
of rotating cylinder the amount of waste by attrition is so great as to 
prove fatal to the process. He therefore adopted a singularly-formed 
kiln, being a combination of a pipe kiln in which the section of the 
pipes is 80 inches by X inch, and a kind of inclined plane, or rather 
series of steps, on which the char is dried before it passes into the pipes. 
In this process means are provided for drawing off and utilizing the 
steam and gases, and the char is introduced and drawn away con- 
tinuously by self-acting machinery. 

In Norman's kiln, recently patented, two cylinders are employed, 
each set at a slight incline, so as to make the char travel forward, and 
the char passes from one to the other, and finally out into cooling 
boxes of the usual construction. As in GK)rdon's original design, the 
cylinders are provided with ribs to carry round the charcoal, and means 
are provided for taking off, but without any attempt at utilizing, the 
steam and gases. This process works well in practice; does not 
consume more fuel, apparently, than the upright iron pipe kiln; and 
makes excellent charcoal, — although, like all other forms of revolving 
apparatus, it necessarily produces a large quantity of dust. 
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IX. — On the Estimation qf Potassium. By James Chauobs 
Chemist, Karnes Gunpowder Mills, and Robebt R. TatiiOck, 
F.C.S.y Analytical Chemist, Glasgow. 



Bead in the Chemical SectioD. 



The subject of the following paper is one of considerably greats 
importance than the above title would seem at first sight to indicate. 
When we reflect that Glasgow and its neighbourhood form the chief 
seat of the manufacture of potassium salts from kelp, and are the desti- 
nation of the greater part of the " muriate of potash " imported into 
this country which is manufactured from the interesting deposit in 
the vicinity of Stassfurth, as well as of the potassium salts now so 
extensively made from French beet-root, it is sufficiently obvious 
that in the district in which Glasgow is situated, at least, an accurate 
and uniform method of estimating potassium is an indispensable 
adjunct to the manufacture and sale of these salts. That such a 
desideratum had long since been supplied might well be supposed, from 
the various methods of analysis described by different eminent 
authorities, and from the results of the experience of many able 
chemists incessantly engaged in the analysis of potassium salts. 
But the fact that serious discrepancies are constantly occurring with 
regard to the results obtained by different chemists of standing and 
experience, even when operating on the same carefully mixed and 
uniform sample, points to the conclusion that the instructions giren by 
these authorities are imperfectly carried out, or that the details of 
the methods given are incomplete. Our own experience in the analysis 
of potassium salts having extended over a period of many years, daring 
which we have made conjointly thousands of estimations of potassiam, 
we have had very many opportunities of observation in connection with 
the subject. 

By long and careful attention to the results of other ehemists, 
confirmed by our own experience, we have invariably found that the 
general tendency is to report potassium too high; and the principal 
object of this paper is not only to trace the cause of this seemingly 
constant error, but to furnish, from the results of a laborious and 
protracted course of experiments, the true means of obviating that 
tendency, and obtaining constant and reliable results. 

We are desirous of avoiding unnecessary strictures; but when we 
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find differences of 1 to 2 per cent, in analyses by different chemists, 
and results giving a total of 100 per cent, in a commercial " muriate 
of potash/' from ^he potassium chloride and water alone, ignoring 
sodium salts (from which no commercial potassium salt is free), 
insoluble matter and potassium sulphate (a salt wi|j^ a higher equi- 
valent than potassium chloride), we are warranted in saying that 
serious errors are made. 

These errors are usually discovered only when approximately pure 
salts are the subjects of investigation, from the fact of the analysis 
coming out impossibly high. It is almost superfluous to remark that 
any process which does not g^ve from 99*9 to 100*15 per cent, with 
pure salts is inadmissible. 

We admit that these errors and conflicting results are not necessarily 
the consequence of careless analysis or manipulation, but are in great 
measure owing to an unsuspected source of error in the principal 
re-agent employed. That these defects in " potash analyses " have so 
long escaped investigation and even general observation, is perhaps 
owing to a mistaken reliance on what is generally termed a ''full 
analysis" of a muriate or other commercial potassium salt. It may 
be necessary to explain thus early, that although, in many cases of 
full analysis of compounds, when the sum of the various determinations 
amounts to 100 per cent., or very near it, the analysis is generally 
accepted as trustworthy, and deservedly so when each of the ingredients 
or elements are estimated separately, and not calculated from the amount 
of another element; yet, in the analysis of a commercial potassium salt, 
results approaching a total of 100 per cent, give no reliable check on the 
accuracy of a potassium determination, owing to there being no really 
practical method of determining sodium, even indirectly, in presence 
of potassium. Yarious methods are indeed given, but they require 
either extreme care and undue reliance on results (as by the method 
based on the comparison of the total chlorine with the weight of the 
total chlorides), or are only apparently direct (as in the separation and 
weighing of sodium in the form of chloride from the solution of sodium 
chloroplatinate). Hence we find that an error of 1 per cent, potassium 
too high is, by the usual method of analysis, at once so far compensated 
for by substituting *59 less sodium, or practically, an error of 1*91 
per cent, potassium chloride too high is disguised by omitting 1*50 
sodium chloride. We thus obtain, it is true, a result *41 per cent, too 
high in the case assumed; but from the fact that in commercial 
analyses chemists do not estimate such ingredients as exist in very 
minute quantities, and from irrecoverable^ losses, the analysis of 
commercial potassium salts ought to come out about *8 per cent, too 
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low; henoe rach analjees, altiioogh erraneaiis bj 1*91 per cent, of 
potunnm chloride, or an eqmTtleDt qoantitf of anj other potMsbiHi 
oompoand, will show a doser i^prozimation to lOCHX) per cent, than 
would a reaUj perfect analysis. 

The sabject n^|pirallj diyides itself into three distinct parts : — 
I. The Chemical principles inrolved in the methods emplojed. 
II. The Manipulation of the process; and, 
IIL The Calcolation of the resolts. 

L The Methods Employed. 

The method now almost exdosivelj practised for determining 
potassimn and separating it firom sodium is that bj precipitation with 
platinum tetrachloride. This method is undoubtedly all that oould be 
desired; but the details of it, as generally givoi, are meagre, and 
imperfect as regards accuracy: indeed, we know of no authority except 
Fresenius who habitually subjects analytical processes to a searching 
examination. 

In most manuals it is directed to eyaporate the solution containing 
the potassium compound to dryness with excess of platinum tete- 
chloride, and to digest the residue in alcohol before filtmng. Most 
practised analysts, however, aware that this treatment is inapplicable 
to salts containing an appreciable quantity of sodium sulphate, properiy 
aroid this source of error by stopping the eraporation somewhat 
short of dryness, and digesting the residue in strong aqueous solution 
of platinum tetrachloride, which dissolves sodium compounds, but 
practically leaves the potassium chloroplatinate intact The other 
conditions requisite to ensure accuracy are various, and cannot be 
fulfilled without the exercise of much care. The most important of 
these is the purity of the platinum chloride solution, which is certainly 
the keystone of the entire process. Impure platinum and £dse results 
are as inseparably associated as crime and punishment. As platinum 
solution in a pure and fit state for analysis is not the rule, but the rare 
exception, it follows that erroneous results are alarmingly numerous ; 
and it unfortunately happens that most, if not all, of the methods 
usuaUy followed in the recovery of spent solutions and preciintates 
are the means of introducing impurities that are not readfly reoEiOTed. 
We shall proceed briefly to notice these methods, and to point out the 
objections to them, as founded on nxmierous trials. 

The plans usually followed are four in number, and are as foDows: — 

I. Beduction by nascent hydrogen produced by the action of zinc 
on sulphuric or hydrochloric acid. 
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2. Eeduction by alcohol in presence of excess of so^am hydrate. 

3. Reduction by glucose or by cane sugar in a solution strongly 
alkaline by sodium carbonate. 

4. Eeduction by ignition of the precipitates and evaporated washings 
in a Hessian or other crucible, as recommended by Miller, Abel, and 
Williams. 

All these methods we have tried extensively, testing the platinum 
solution in the most rigorous way, by making repeated estimations with 
pure potassium chloride — the article used being Griffin's, sold as 
chemically pure, and afterwards subjected to successive crystallizations 
by the granulating process, from distilled water. Fluorine, which, on 
account of its low equivalent, was the element whose presence was to be 
feared, at least in so far as high potassium results were concerned, was 
searched for, but not a trace found. High results could not be caused 
by the presence of sodium, on the other hand, that substance, even if 
present, not being estimated. 

It may be as well to mention here, however, that the use of solution 
of platinum tetrachloride prepared from spongy platinum, purchased 
from a first-class manufacturer, and boiled in nitric acid and washed, 
before dissolving, gave, with the pure potassium chloride, results 
bordering on 102 per cent., using the equivalents accepted by 
certain practical authorities. These results are sufficient to show 
that the spongy metal, as purchased, is not in a fit state for 
preparing platinum solution for analysis, even after boiling in 
nitric acid. 

We now proceed to notice the first-named method of recovering 
spent platinum compounds — namely, that by nascent hydrogen gen- 
erated by the action of zinc on acids. We find it to be usually employed 
as follows: — 

The spent platinum precipitates and solutions are diluted with 
water, and the mixture strongly acidulated with sulphuric, but prefer- 
ably with hydrochloric, acid. Pieces of zinc are then added, heat is 
applied, and the fluid stirred till the whole of the compounds are 
reduced to metal This is then washed with water, boiled in strong 
and afterwards in dilute nitric acid, washed again repeatedly, and 
dissolved in nitrohydrochloric acid, the excess of nitric acid employed 
being got rid of by evaporation two or three times with dilute 
hydrochloric acid. When this method was employed — commercial 
zinc being used — ^pure potassium chloride gave, with the resulting 
platinum solution, results far too high. We simply mention that 
they ranged from 101*67 to 10205 per cent., and that similar results 
were obtained with potassium nitrate equally pure. 

Vol. VL— No. 4. 2d 
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TJtbg purified ziiic,* the lesiitti were fliill too bigliy Irai a Bitie 

nearar ibe trath. Thej were 101*37 and 101-58 per cent, of put Mi 

diloride. 

The chief objectkm we hsre to thk method k the difficohj of 
proenring zinc free from lead and other imporitiea^ the preaenoe of 
which in pUtinum solutiona is inadmiiwiMe, as, in eaaea where lead if 
present in the solation, its i^ipearanoe in the precipitate is iDeTitahl& 
In order to remore lead fixnn oor solution of platinum tetradiloiide 
as much as possible, we eraporated the latter carefnilj to drjueasy at 
150^ Fahr.y tsnd digested the residue in strong alcohol for sixteen hoars. 
A distinct sediment of a brownish and pink hue rmnained, indicatiDg 
lead. On eraporating again at 130° Fahr., to remove aloolu^ a further 
small quantity of sediment was obtained. Platinum eolation thus 
prepared gave in every case, with pure potassium chloride, results &r 
too high, as foUows: — 101'15 to 101 '49 per cent., using genersUj 
recognized factors. We may mention, in connection with this part of 
the subject, that one of us on one occasion obtained a crop of chloride 
of lead crystals, having a pink or rose tint, and weighing upwards of 90 
grains, from the accumulated insoluble matters left on the filters in the 
filtration of pUtinum solutions prepared from the metal recovered by 
the zinc method. 

With regard to the second method of recovering the platinum, we 
may observe that it is a modification of it that we have been in the 
habit of using for some time past in the preparation of the metal for 
use in the analysis of commercial samples. The following is an outline 
of the process as commonly followed: — The platinum waste is rendered 
strongly alkaline by solution of sodium hydrate, and is then boiled for 
some time with addition of alcohol. Reduction soon takes place, and 
the " platinum black " thus obtained is purified by boiling with nitric 
acid and with soda solution, with intermediate and final washings with 
water. With platinum thus prepared, high results were invariably 
obtained. The following are a few examples, working on pure potassium 
chloride and using recognized factors: — 101*77 to 101*95 per cent., and 
101*12 to 101*24 per cent, according to the degree of purification by 
the acids. 

With reference to the third method of recovering — namely, that by 
glucose or cane sugar, along with a large excess of sodium carbonate, in 

* This slno was in the form of small rods, and was purchased as Griffin's 
bait ->(Vtw fWmi anenic — and sold for use in Marshes test It, however, oontained 
cobalt in suffloiont quantity to give minute films and crystalB of a brownish 
pttr|»ls oolonr on making a potassiam detennination, and to daiken very 
<>oasid«rably the colour of tiie pUtinum solution. 
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a boiliog M>lation, as reoommended by Bottger (Chem, New$, toL xl 
p. 168) — we have to say that we did not get pore platinum by this 
mode, although the author affinns it should be obtained. Neither did 
we find any advantage by the use of glucose employed instead of the 
more easily-procured common white cane sugar, farther than that the 
reduction took place more readily than with cane sugar. The process 
is objectionable, in so far as there is a very large and sometimes sudden 
escape of carbon dioxide gas, which is liable to cause frothing or boiling 
over; we also frequently find great difficulty in reducing the compounds 
to metal, which generally appears in a very fine state of division, 
rendering the washing and subsequent operations extremely tedious. 

The results obtained in one set of analyses made with pure 
potassium chloride were from 100*76 to 100*94 per cent., using 
recognized factors. 

These were so far satLsfactory results, even when calculated by the 
factors used by authorities on the analysis of commercial potassium 
salts— data to which we shall be compelled to advert before concluding 
this paper. We need only remark at present that, calculating the last 
results by Sta^a equivalents, we now obtained 100*22 to 100*40 per 
cent. 

We may remark, finally, in connection with this part of the subject, 
that in this series of most careful trials, the manipulation of which was 
unchallengeable, in only four instances did we obtain results even 
approximating to the truth, with pure salts, by the use of platinum 
tetrachloride solution prepared from platinum which had not been 
ignited. The chief reason of this is, doubtless, the existence of organic 
compounds in the reduced metal, and which are not removed by the 
acti(m of acids. This is not surprising when we consider the 
proneness of platinum to combine with organic matter, and the 
complexity of the re-action which takes place during the process of 
reduction. 

We have now to turn to the fourth method of reduction, as 
recommended by Miller and Abel — ^namely, that by evaporating the 
platinum washings along with the precipitates, transferring to a 
Hessian crucible, and ignitmg strongly with free access of air, in order 
to bum off organic matters, the residual platinum being then washed 
and purified in the usual way, by boiling with hydrochloric and with 
nitric acid. 

This method, as recommended, is imperfect in so far as that a 
greater change must occur than the merely burning off organic 
matter; for the decomposition of the platinic compounds must also take 
place. Now, to effect this, a very high temperature indeed is required: 
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we found a prolonged ignition — of at least an hour — ^in a good furnace 
neoessary. So difficult is it to effect complete decomposition thai, 
according to Fresenius {(jiumt Anal., 4th. ed., p. lOO), even after long- 
oontinued exposure to a high heat, there remains a little potassium 
chloroplatinate, which resists decomposition, but which may be com- 
pletelj removed by ignition in a current of hydrogen, or with some 
oxalic acid. The statement as to the difficulty of reduction by 
ignition alone, we most readily agree with, as it accords with our 
experience. We therefore tried ignition along with some potassium 
nitrate, as indicated by Williams {Chemical ManipukUiony Our first 
lot of platinum recovered in this way gave very unfavourable results, 
although the subsequent purification embraced boiling with hydro- 
chloric and with nitric acid. Using Stas's factor (in practice, *3056) 
for the calculation of potassium chloropktinate to potassium chloride, 
to avoid high results in calculating, we obtained 100*89 and 101*02 
per cent, with pure potassium chloride. A second quantity, by yet 
more intense ignition, gave, by an assistant, with Stas's factor, 99*88 
and 100*13 per cent, and by ourselves 10003 and 100*11 per cent., 
when in each case 6 drachms of water were used to dissolve the quantity 
of the salt operated upon, and which in each case was approximately 
10 grains. A third quantity gave 100*16 and 100*22 per centb ; but 
in every case high results were obtained if less than 6 drachms of water 
were used — ^that is, if the precipitation was effected in concentrated 
solutions of the salt; or if it were, as is advised by authorities, dissolved 
in the 'Meast possible quantity" of water; and even in very limited 
quantity the results were high. 

Fair results — we may say results as near perfection as possible 
— ^were now obtained, but only at the cost of an alarming loss of 
platinum, which took place during ignition. A portion of this was 
recovered by breaking up the crucible — ^a rather porous one — and 
digesting in soda solution. 

A fourth lot was attempted in a first-class Berlin porcelain crucible, 
which certainly is not open to the charge of porosity. Here, at the 
first glance, the interior of the crucible was seen to have been freely 
acted upon, although the yellow particles of precipitate were not all 
gone. Gelatinous silica was filtered abundantly firom the evaporated 
and re-dissolved chloride, and the results obtained with pure potassium 
chloride were 100*45 and 100*38 per cent., using 6 drachms water and 
Stas's equivalents. 

Now, these are only a portion of the experiments that were made in 
duplicate, and with the one object in view — namely, the determinatioD 
of the best method of reduction and purification ; for thus early in the 
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inTestigation the uniformlj high results oansed us to suspect other 
sources of error. The purity of the alcohol, both ethylic and methy- 
lated, the proper degree of concentration and temperature of solution 
of potassium salt when being precipitated, the temperature of the 
water bath during evaporation, the extent to which the evi^ration 
was carried, the cooling and the washing, were all made the subjects of 
examination by potassium estimations, chiefly on pure potassium 
chloride, in order to discover possible sources of error; and as we 
proceeded with the experiments bearing on the main object of the 
investigation, we thus were assured that the high results were not 
caused by these secondary and independent sources of error. The 
absence of ammoniacal fumes and the adjustment of balances and 
weights were also scrupulously cared for. 

We found that good results were to be obtained by the fourth 
method of recovering, with the ignition of the platinum in potassium 
nitrate; but we have seen, as has already been detailed, that these 
results were at the best imcertain and costly, and that sometimes the 
process was a failure, as far as complete reduction was concerned. 

Keduction by ignition in presence of oxalic acid was tried, but found 
to be tedious when operating on a considerable quantity of dried wash- 
ings and precipitates. Reduction by ignition in a current of hydrogen 
we have not tried. The investigation of this and other points con- 
nected with the determination of potassium we have not been able to 
proceed with, on account of pressure of business, and other circum- 
stances over which we have no control. 

For the reasons already enumerated, we returned to our usual 
method, which is, as previously stated, a modiflcation of the second, or 
reduction by solution of sodium hydrate and methylated alcohol. This 
method, which embraces the drying and ignition of the platinum black 
alone, between the purifications with hydrochloric and with nitric acid, 
together with several precautions and refinements of manipulation 
during the estimation of the potassium, and the use of a correct factor 
for calculating, gives results which are constant and accurate, and 
satisfactory alike to science and to commerce. 

This routine, although it requires a little attention to details, is 
neither so intricate nor so difficult as the liability to errors in plati- 
num preparation and potassium estimations would seem to indicate. 
Applying this method to even very impure platinum — for instance, 
that recovered from the debris of a pounded crucible — we had, by the 
trial with pure potassium chloride, the following results, — 100O8 and 
10000 per cent. We are far from desiring it to be supposed, however, 
that our manipulation is capable of that degree of accuracy in generaL 
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Brieflj, we haye large excess of soda solution to platinom washings 
and precipitates dilated; boiling; addition of methylated spirit beyond 
that contained in the washings; sharp boiling, when redaction takes 
place readily; decanting, washing without or with the addition at 
sulphuric acid, according as the fluid settles clear or otherwise; boiling 
with 1 ounce hydrochloric acid to | ounce platinum black; washing and 
boiling till free from chlorine, which the boiling appears to liberate ; 
drying and igniting, — the latter easily and quickly effdcted in common 
porcelain crucible over gas or good spirit-lamp, after which opportunity 
is oflfored to weigh the metal as a guide for the strength of the future 
solution; boiling in 1 ounce pure nitric acid; and ample washing with 
hot water, till free from acid re-action. The metal may then be dissolved 
in large excess of hydrochloric acid, with addition of small quantities of 
nitric acid as required; or it may be dissolved at once in 3 volumes 
hydrochloric acid, and 1 volume nitric acid, evaporated twice with 
dilute hydrochloric acid — say 1*1 specific gravity, to [Movent efferves- 
cence — and finally with water. As much water is then added as will yield 
a solution containing 27 grains of metallic platinum per ounce, and the 
fluid filtered. From 6 to 7 drachms of this solution will be sufl&cient 
for 10 grains of the potassium salt. 

The experiments quoted are only a few out of very many that we 
have made, with every care, bearing upon this subject, nearly every 
experiment having been done in duplicate. 

Before leaving the first part of our subject, and taking up the con- 
sideration of the analysis of commercial potassium salts, it will only be 
proper first to refer to the interference of potassium sulphate with the 
accurate determination of potassium in commercial '* muriates." It is a 
well-known fact that most of the muriate at present being made from 
kelp is particularly free from salts of sodium, but contains potassium 
sulphate, in proportion varying fr^m 8 to 6 per cent. Now, potassium 
in the sulphate cannot be accurately estimated without the adoption of 
some means of removing the free sulphuric acid which is necessarily 
formed during the process of precipitation. With a view to this, 
some authorities recommend the conversion of the sulphate into chloride, 
by double decomposition with barium chloride; while others advocate the 
addition of an equivalent of pure sodium chloride. The latter course 
we have found highly satisfactory; and in the case of muriates containing 
4 per cent, of sulphate, have always obtained too high results, whatever 
else was done, if the addition of the sodium chloride was omitted, the 
error averaging from *3 to '37 per cent. 

In analyses of ''plate sulphates," or ''sofb sulphates,** or other salts 
containing potassium sulphate, without the certainty of more than a 
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■uffioieiit quantity of sodium chloride being present than would take 
up all the liberated sulphuric acid, we invariablj add this necessary 
excess of pure sodium chloride, and find that it contributes materially 
to constant and accurate results. We need only remind the analyst 
that free acids act on potassium chloroplatinate, (see FreseniusX and 
that free sulphuric acid is not expelled in the process, while firee hydro- 
chloric acid or free nitric acid in presence of free hydrochloric, is readily 
so; and that any sodium sulphate formed or present is easily remoTcd 
by a proper system of washing the potassium precipitate^ 

With regard to the circumstance already mentioned, of too Iiigh 
results being obtained when precipitation is effected in a too concen- 
trated solution, we have to state that this effect is produced even in 
the case of pure potassium salts. We are not quite certain that we 
can offer a clear explanation of this source of error; it is sufficient to 
say that, in many cases of precipitation of substances in strong solutions, 
impurities, if these be present, are carried down by the precipitate, 
and frequently obstinately resist washing with hot water, — as, for 
instance, alkaline salts carried down with barium sulphate (see 
Fresenius and other authorities). Even when no impurities are present, 
notable quantities of the precipitant are taken up and held firmly; 
and this, we believe, takes place when precipitating concentrated 
solutions of potassium salts with solution of pure platinic chloride. 
We therefore precipitate in the cold, and at first dilute, solution — 
using 6 drachms water to 10 grains salt — ^having found that attention 
to these points contributes to homogeneous, larger, more perfect, and 
isolated crystals of potassium chloroplatinate than rapid precipitation* 
The latter gives more confused, sometimes tufted and radiated, crystah. 
Both form interesting objects under the microscope, the former having 
all the polish and beauty of precious stones. 

n. The McmipulaUarK^ the Process. 

Next to the chemical principles involved, the manipulation of the 
analysis demands our most severe attention. We find that many 
chemists still adhere to the plan of weighing out a quantity of the salt, 
and drying at about 250^ to 280^ Fahr., powdering the dried salt, and 
after re-heatmg, to ensure thorough drying, weighing out a quantity — 
approximately 10 grains of the dried salt — ^which are then dissolved in 
water and precipitated by platinum chloride solution. We object to 
this method, as giving inconstant results, and that for the following 
reasons: — 

L The error of the balance is multiplied by a high figure in 
calculating the results to per cent. If the quantity weighed out be 
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y^th of a grain in error, we have the result, from this cause alone, 
^th of a per cent, wrong, even if every other step in the process is 
absolutely perfect ; and if the quantity weighed out be from the errars 
of the balance, the absorption of hygrometric moisture by the dried 
powder, and the loss by transference, ^th of a grain in error, out 
comes the alarming result of 1 per cent, wrong. 

2. The whole of the insoluble matter is necessarily included in the 
weight of the potassium chloroplatinate, or what is still worse, the 
small quantity must be dissolved and filtered, and the solation eva- 
porated — ^a most tedious and unsatisfactory course of procedure. 

8. If the dried powder be weighed between watch glasses that have 
been previously wiped dry, spurting of the powder sometimes takes 
place from electrical repulsion. This may be observed readily in the 
case of balances whose pans are suspended by silk cords. Some 
experiments showed that the average quantity of salt lost in this way 
was about *02 grain, even when every precaution was observed to 
avoid loss. Nor should it be overlooked that finely powdered and 
thoroughly dry salts are highly hygrometric. Another objection is 
the difficulty of taking a perfectly fair sample of 10 grains from the 
dried and powdered quantity; and even the powdering causes loss. 

Numerous experiments might be quoted to show that the results 
obtained by weighing dried salts are inconstant, or, at the best, give 
a somewhat constant error. 

The plan we seek to recommend is that (advised by Fresenius and 
some of the other leading authorities on analysis) of dissolving a 
large quantity — say 500 grains of the salt — ^in a small quantity of water, 
and filtering the solution into a flask which is capable of containing, 
up to a fine mark on the narrow neck, exactly ten times as much 
water, weighed at 60^ Fahr., as the salt employed; and afber thoroughly 
mixing the filtrate and washings, and carefully sighting and adjusting 
with a fine pipette to the mark, drawing off, by means of a graduated 
pipette, an aliquot part of the solution for precipitation. The pipette 
for this purpose should be graduated to deliver exactly as much of 
the solution as will correspond to 10 grains of the original salt — ^in 
short, a 100-grain pipette; and it should be graduated to deliver, not 
by pressing or blowing out the last drop that adheres to the interior 
point of the instrument, but by touching two or three times the 
surface of the liquid that has been discharged from it, after having 
drained for ten seconds. A constant quantity thus remains behind, 
provided that the exterior point of the instrument, to the extent of 
|ths of an inch, receive a film of grease. A pipette constructed thus 
is capable of delivering to *02 grain of liquid each time, which 
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represents only *002 grain of the original salt ; and we have proved 
by repeated trials that the greatest mean error of delivery in any 
two experiments does not exceed '03 per cent, of the salt. 

It may be well, however, to notice one or two objections that have 
been taken to this mode of operating volametrically, by persons 
ignorant of the practical advantages of pipette measurement. It 
has been urged that if much potassium sulphate be present in the 
salt c^rated on, a portion of it is apt to be left insoluble on the 
filter. In answer to this, we simply say that the objection is ridiculous, 
the sulphate being perfectly dissolved, and with the greatest ease in 
the case of ''muriates,'* when using a flask of 5,000 grains capacity, 
and 500 grains of the salt. When operating with sulphates we 
certainly prefer a solution of half this strength; but use a 200-grain 
pipette, and this mode of working may even contribute to greater 
accuracy. 

It has also been objected that a pipette delivering a definite quantity 
of water will not deliver an exactly corresponding quantity of any 
saline solution, from the fact of the difference in density. While 
admitting that a pipette delivers a sensibly greater volume of saline 
solution than of water, we observe that the difference is but slight, 
and can be perfectly compensated for by adjusting the pipette to 
deliver not toater, but the salt soltition. In testing the pipette it is 
to be observed that it delivers exactly a decimal part of the solution 
at the same temperature, the trials being made by weighing the 
quantity of liquid delivered. The volume of the fluid delivered will 
be found to vary sensibly, according to the nature of the salt dissolved. 
This is a very nice point; but we have even used different pipettes for 
different kinds of solutions. 

We adjust our pipettes by weighing off an accurate specific gravity 
flask of the solution of salt, and taking an aliquot part of the toeight 
as the data for adjusting the pipette by repeated trials. In our case 
the specific gravity flask held 1061*3 grains; consequently the pipette 
was made to deliver 106*13 grains. Taking a pipette * that has been 
in use four years, we requested an assistant to weigh out 5 volumes of 
distilled water from it. This we did to ascertain, from curiosity, what 
results another person would obtain. We give the quantities: — 

99*90, 99*97, 99*91, 9993, and 99*93 grains, 
which illustrates the whole question of pipette measurements. He flnds 
*035 grain of solution above and below the average. This is equal to 
'0035 grain of the salt. Besults obtained by ourselves showed that the 

* Purchased as delivering 100 grains of water ; but the mark was found to be 
i^th inch in error. 



A 
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yipMe, wludi d^rered 99^ Tobmiai of wifar, dditend 100 
poiawiom chloride 



UL The CakuUavm (^ BendU. 

It is quite obTioos thit althoa^ we master the method of obtumng 
pare plstinum tetracbloride» and of manipulatjag the anaijBS of a 
potassitun salt eren to perfectioDy that the use of wrong eqniTalenti or 
incorrect factors for calcnlating results most neoemarflj lead to enoc 
Prom the fact that the combining nombers of the elemeots eom- 
posing the potassiom chloroplatinate haye been made the subject of 
inyestigation by chemists of celebrity, we might well snppose that aa 
error of calculation coold scarcely take place; bat when we reflect that 
the results obtained by some inrestigators materially difRom firom those 
of others, we perceire that, to say the least, lome discretion is necesnry 
in selecting for use in practice those that are most reliable and correct 
We hare also found that, among lome chemists of standing and experi- 
ence in practical analysis, factors for calculating potassium resnlta ars 
in use which are not only not based on unquestionable experiments, 
but would give results from *5 to '75 per cent, too high with pore 
potassium chloride, even if every other step in the process were absolutdy 
correct. 

The following are the combining numbers of the elements of 
potassiom chloroplatinate, as obtained by di£ferent authorities : — 



Staa, 1860, 39130 

Staa, 1865, 39-137 

Pelouse, 39 140 

Berzelius, 39-146 



PotansJum, 



Stag, 1860, 85-460 ^ 

Stas, 1865, 35-457 V Chlorine. 

Berzeliofl, 35-460 j 

Calculated from Stasis (1860) equivalent ] 
of Potassium and Chlorine, and sub- > 1971836 
joined data of Berzelius, • j 



Do. do., using Stas^ equivalent i ^^- ^^^„ 



obtained in 1865, 



} 



Platinum. 



With regard to the determinations of the equivalents of potassium 
and chlorine, there cannot be any difference of opinion as to the most 
reliable numbers being those of Stas, the experiments by which they 
were obtained having been conducted with the highest degree of 
refmcment of which modem science is capable. We therefore accept 
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them as truth, and as beiDg the only numbers that give correct results 
in practice. 

Stas has not published any account of experiments made with a view 
of arriving at the true equivalent of platinum. In the absence of such 
data we consider the equivalent of that element, as stated above 
(197*1937), to be the most reliable, some other numbers, as given by 
certain authorities, having been calculated from a questionable equivalent 
of potassium chloride. The result of Berzelius, obtained by igniting 
potassium chloroplatinate, and by the aid of which this equivalent of 
platinum has been arrived at, is described in Watt's Dictionary, vol. iv., 
p. 670, and is as follows: — 

6*981 grammes 2 KCl, FtCl4 lost by ignition, 2024 CL 

And left a mixture of 2*822 Ft 

And 2135 KCl. 



Total, 6*981 grammes. 



Watt then calculates — 



2 KCl. Pt. 2 KCL Pt. 

2-186 : 2*822 : : 149*2 : 197*2094 

This number for platinum approaches the truth very nearly, but is 
evidently based on K 39*1 and CL 35*5. 

Making a similar calculation with the use of BerzeHus's own numbers 
for K and CI, we have — 

2 KCL Pt. 2 KCL Pt 

2185 2*822 149*212 197*2254 

Miller, by a like calculation, deduces for platinum the equivalent 
197*12; the number used for potassium chloride is not stated. 
Assuming, however, that the numbers used are those given in the 
tables of his work (E 39*11 + CI 35*46 = 2 ECl 14914), we have— 

2 KCL Pt. 2 KCL Pt. 

2*185 2*822 149*14 197*18 

Calculating in a similar way, but using Stas's (1865) numbers, for K 
and CI, we have— - 

2 KCL Pt. 2 KCL Pt. 

2135 : 2*822 149*188 197*1987 

The last number is undoubtedly derived from the very best data we 
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have. The following therefore must be regarded as the troe eqnivaleDi 
of potasdam chloroplatiDate: — 

in 2 KCL Ft. CI4. 

Fotamom, 39*1370 2 eqaivalents, 78-2740 

Chlorine, 85-4570 6 „ 212*7420 

PUtinum, . 1971987 1 „ 197-1987 

Equivalent of Fotaanom ChloropUtmate, 488-2097 

These figures yield the following factors: — 
2 Kcl, Ptcl4 to 2 K. Factor. 

488-2097 -f- 78-274 = 16032866, or in practice -1608 

2 K0lPtCl4 to K2O. 

488-2097 -T- 94-274 =-19310146 „ -198 

2 Kclptcl4 to 2 KCL 
488-2097 -r- 149-188 = '30558180 „ -8056 

These results make it sufficiently obvious that the factor -193 must 
be used in calculating potassium chloroplatinate to potassium oxide, and 
that no other will give a true result The number *194i, we find, was 
recently, and is still, used by some chemists, but is quite inadmissible, 
not being based on accurate and trustworthy experiments, and giving 
results equal to more than *5 per cent, too high in practice. It has 
been defended on the ground of the solubility of the potassium 
chloroplatinate in platinum tetrachloride solution and in alcohol, but 
the truth is that this solubility, in the circumstances of a potassium 
determination is practically nil, and most distinctly no allowance should 
be made for it. 

The use of a factor for calculating potassium or potassium oxide to 
potassium chloride, based upon an obsolete and long since acknowledged 
incorrect equivalent of potassium (39-0), we find to be still extensively 
used, and must condemn, as giving an additional and independent error 
of '1 per cent, potassium chloride too high. 

As the result of all our experiments in connection with potassium 
determinations, and of observations made in the manufacture of 
potassium salts on the large scale — a branch of chemical industry in 
which one of us has been engaged for many years — we submit the 
following conclusions: — 

1. That the methods of analyzing potassium salts, as practised and 
taught in some laboratories, are very imperfect. 

2. That reliance in a so-called **full analysis," as a cheds on a 
potassium determination is delusive, and is, within a few per cent, of 
potassium chloride, totally valueless. 
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3. That any number of mere determinations of potassium, however 
dosel J thej may agree, is no guarantee of acooraoy, the error being to 
a large extent a constant one. 

4. That the use of the factor *194 for the conversion of potassium 
chloroplatinate into potassiimi oxide, or indeed the use of any other 
factors than those based upon Stas's equivalents, is erroneous, such not 
being deduced from reliable experiments. 

5. That it is necessary to check the process used, and to be satisfied 
of the purity of the re-agents employed, and of the absence of other 
disturbing causes, by experiments with pure potassium chloride or other 
potassium salt; and that in no case should results be reported unless 
controlled by such experiments. 
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MINUTES. 



Andarmm^a Unhemiy Bu3ding$y Nawmher 6, 1867. 



Tn Sixtj-utli Sewn of the PhikMophiod Societj of Givgov 
•pcDed tkk efeningy Db. Fbavcu H. THonaov, the PKendenty in tiw 



Dr. Theodore Merx wis elected a member. 

Mr. 'WlIHam Bamsaj and Mr. William Johnston were lypoinied 
Aoditon of the Treasurer's Aocoonts. 

The Pkisuoabt reported cm the state of the negotiations for obtaining 
accommodation for the Societj and its Librarj in the boildings of the 
Corpor a t i on Gkllerj. In connection with this sobject, he mentiooed 
that a report had been prepared kst Session bj a Committee of 
Connci], embodjing a proposal to the Trustees of the Fnnd aocming 
from the Exhibition of 1846 to allow the Societj the nse of the 
monej on certain conditions faroorable to the pablic Beasons were 
suggested to the Coondl for refraining from giving paUicitj at that 
time to the rqxnt; but as these reasons no longer existed, be would 
now, with the pemussion of the Societj, call upon Mr Croaskej to read 
the report. 

The report was thereupon read; and after some renuvks bj Mr. 
George Anderson, Mr. John Bamsaj, Mr. ProTan, Mr. Tajlor, and 
Dr. ADen Thomson, it was agreed that the frirther consideration of 
the subject be deferred till next meeting, and that in the interim the 
report be printed and circulated amongst the members, marked 
^ Proof for use of Memben onlj.** 

The PBlsmsNT then delirered an opening address, noticing at the 
outset the loss which the Societj had sustained, since it last met, bj 
the death of Mr. Walter Crum. The President described, from 
personal obserration, the extensiye Jute Works of Messrs. Cox Brothers, 
near Dundee; he next made some obserrations on mineral and manu- 
fiictured oils, and on their h jdro-carbons as applicable to heating and 
lighting purposes; concluding with an account of recent improTements 
in the manufisicture of iron and steeL 

Db. Allbv Thom809 referred to the obligations under which the 
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President had laid the Society by his perseyering efforts for its better 
accommodation ; and after remarking on the judicious choice and treat- 
ment of the topics contained in the address, moved that a Tote of thanks 
be given to Dr. Thomson, which was cordially agreed to. 



November 20, 1867. — The annual meeting of the Philosophical 
Society, for the election of Office-bearers and other business, was held 
this evening, Db. F&a.hcis H. Thohsok, the President, in the Chair. 

The following were elected members, viz. : — 

Mr. James Mactear, St. BoUox Chemical Works; Mr. Joseph 
Agnew, Surgeon Dentist, 47 Bath Street; Dr. George Bobertson, 
39 Bath Street; Mr. William Johnston, 21 Virginia Street; Mr. 
John Johnston, 52 West Howard Street; Mr. William M'Onie, 
Scotland Street Engineer Works. 

The SxcBETABT read the following Beport on the State of the 
Society, which was approved of, and ordered to be printed in the 
Proceedings: — 

BSPOBT BY THX COUKCIL OK THB StATS OF THE SOCTETT. 

L The Praoeedinga. — The printed Proceedings of the Society in 
Session 1866-67 extended to 95 pages. A review of the rise and 
progress of some of the principal workshops of Glasgow formed the 
substance of the President's address at the opening of the Session, 
showing the gradual development of the iron trade, of iron ship* 
building, and the construction of locomotives. Dr. R Angus Smith, 
of Manchester, communicated the results of numerous Analyses of the 
Water of the Biver and Frith of Clyde, which gave rise to an 
interesting discussion, reported in the Proceedings. This was followed 
by a paper, *' On the Scientific Premonitions of the Ancients," by Pro- 
fessor Young, tracing the indications of geological knowledge amongst 
the Greeks. Mr. John D. Campbell brought under the notice of the 
Society '* The 'Propoaed Extension of the Factory Act, and its Probable 
Effects on Juvenile Labour and Education in Glasgow." The 
discussion which followed afforded several of the members occasion for 
expressing their opinions in favour of a system of national education. 
Professor W. J. Macquom Bankine furnished a paper *' On the Phrase 
Potential Energy, and on the Definitions of Physical Quantities," being 
a reply to certain strictures by Sir John HerscheL Professor Young 
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described two Instroments oontrived for the exact Measarement of the 
Proportioiis of Fishes and SheUs, so as to determine the limits of their 
Tariation within their o¥m areas. Professor Sir William Thomson 
deliyered a discourse " On Vortex Atoms," iUostrated hj experiments, 
and kindly promised to oontinae the subject on a fature occasion. 
Mr. A. S. Herschel described to the Society the phenomena of the 
Shower of Meteors on the morning of the 14th of Novembor, 1866, 
Mr. William Oonnan st^plied the " Results obtained from Heating 
Scrap lion in the Heat-restoring GhuB Furnace, and in the Fumaoes 
commonly employed for that purpose, with Comparisons and Obserra- 
tions on the Quality of the Welded Iron, and on the Flame of the 
Common and Gas Furnaces." The Session was closed by an account, 
by Dr. Allen Thomson, of ^ Becent Discoveries in the'Stroctare of the 
Internal Ear." 

The following additional communications were not printed in 
the Proceedings, viz.: — Mr. A. S. Herschel, "On Singing Flames, 
and the Musical Sounds produced by Heat." Description by 
Sir Y^llliam Thomson of ''The Marine Galvanometer, and other 
Apparatus for Electrical Tests, used on board the GrecU EcuUrn in the 
recent Expedition." Professor Young, "^ On the Bones of the Face in 
Vertebrates." Notice by Dr. Bryce of " Some New Discoveries in the 
G^logy of Arran." Mr. Mayer exhibited and described the action of 
Ansell's Indicators of Fire Damp in Coal Mines. He gave an account 
of the method of extracting the metal Magnesium, with some of its 
applications; and also exhibited and described Gkde's protected Gun- 
powder, and Nitro-glycerine, or Bksting Oil 

IL Number of Membere, — The Treasurer reports that at the 
commencement of last Session the number of members was 282. The 
number was increased by 17 in the course of the Session, making 299 
in alL This number has been diminished by arrears, resignations, 
removals, and deaths, to 278, of whom 7 owe one year's, 3 owe two 
years', and 1 three years* subscriptions. A notable proportion of the 
resignations arise from the inc(mvenienoe of- the jnesent place of 
meetmg. 

IIL Aooommodatum of ike Society, — ^The Council bestowed much 
attention on this subject during the currency of the Session; and the 
President was in frequent communication with the Lord Provost, in 
the course of the past summer, with a view to the maturing of a plan 
which might embrace the twofold object of obtaining suitable acoom* 
modation for the Society, and a satisfru^tory settlement of the Society's 
claim i^n the money accruing from the Exhibition Fund of 1846L 
The Council's report placed in the hands of the members explains 
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the nature of the proposal which has been made to the Trustees on the 
fund, and the Council will be guided in their future proceedings by 
the decision of the Society this evening. 

BsY. Mb. Cbobseet, the Librarian, read a report on the state of 
the Library, which was approved of. 

Mb. Makk, the Treasurer, gave in the following Abstract of his 
Account for Session 186&-67, which was approved of: — 

Dr. 

1866.— i^(w. 1. 

To Cash in Union Bank of Scotland, £4 8 9 

,, Cash in TreasureT^B hands, 3 13 3 

£8 2 

1867.— Orf. 31. 
„ Entry Money and Dues from 1 new Member, 

1865-66 2 2 

„ Entry Money and Dues from 15 new Members, 

1866-67, at 42«., 31 10 

Annual Dues from 6 Original Members at 5«., 1 10 

Do. frt>m 250 Members at 21«., 262 10 

Do. frt>m 4 Members for two years, 8 8 

306 

Institution of Engineers for Kent, 15 

Interest on Bank Account, 15 8 

„ Taxes recovered from Landlord, 2 12 10( 

£332 10 64 



if 



Cb. 

1867.— Od. 31. 

By New Books and Binding, £91 9 2 

„ Printing Proee«din^«, Circulars, Ac, 34 7 9 

„ Stationery, 1 IS 

„ Salaries and Wages, £110 

„ Deliyering and Posting Circulars, 15 12 3 

„ Rent, Insurance, Gas, Coals, and Water, 57 15 4 

„ Taxes, Subscription to Ray, Palseontographical, 

and Cavendish Societies, aud Petty Charges,.... 13 18 9 

197 6 4 

„ Balance— In Union Bank of Scotland, 8 2 7 

„ Treasurer's hands, 4 12 84 

7 15 3i 

£332 10 64 
Vol. VI.— No. 4. 2 k 



'^ 1 PhilosopfUcal Society of Glasgow. 

The Society proceeded to the Sixty-sixth Annual Election of Office- 
bearers, who were appointed as follows, viz. : — 

$r«ibnit. 
Db. Frajtois H. Thomson. 

Sice-^rtsibtnis. 

James Betcb, M.A., LL.D., F.G.S. 
Peofessob Eobebt Gbott, M.A., LL.D., F.R.S. 

librarian. 
Rev. Henby W. Cbossket, F.G.S. 

Crtasartr. 
Mb. Johk Makn, C.A. 

Stcrtlars. 
Mb. William Keddie, F.RS.E. 

9i\tx 9p[<mbers of Comtdl. 



Mb. Daioel Macnee. 
Mb. John Subnet. 
Pbofessob Thomas Andebson, 

M.D., F.R.S. 
Mb. Alexandeb Habyey. 
Mb. John Ramsay, Lord Dean 

of Guild, M.R 
Pbofessob W. J. Macquobn 

Rankine, LL.D., F.RS. 



Pbofessob Allen Thomson, 

M.D., F.R.S. 
Sib William Thomson, LL J)., 

F.R.S. 
Mb. William Ramsay. 
Mb. Geobge Andebson. 
Mb. Alex. S. Hebschel, B.A. 
Pbofessob John Young, M.D., 

F.R.S.E. 



The Society then took into consideration the Report of the Council 
on the Exhibition Fund. After discussion, it was agreed that the 
terms proposed by the Society to the Trustees should be limited to the 
offer ''to give permanent facilities (on such a scale as the accommoda- 
tion which can be provided by the limited fund may permit) for the 
exhibition of models and specimens," without the proposed addition of 
granting a limited number of free reading tickets entitling students to 
consult the books in the Library. 

The following were appointed a Deputation to bring the subject 
formally before the Trustees, viz. : — 

Dr. Allen Thomson ; Mr. Ramsay, Lord Dean of Guild ; Rev. Mr. 
Crosskey ; Mr. David More. 

Dr. Thomson, the President, and Dr. Bryce, senior Vice-President, 
are the Trustees for the Society; the Lord Provost and the senior 
Bailie are the Trustees for the Town Council. 
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December 4, 1867. — The Pbesidekt in the Chair. 

Dr. George R. Mather, 11 Annfield Place, and Mr. Robert Row- 
land Stephen, Adelphi Biscuit Factory, were elected members. 

The following gentlemen were nominated for election : — 

Dr. Cowan, Professor of Materia Medica in the University of 
Glasgow; Mr. James Church, Merchant, 88 Renfield Street; Mr. 
James Maclehose, Bookseller, Victoria Crescent ; Mr. D. C. Watson, 
Bookseller, 70 St. Vincent Street; Mr. Daniel Munro, House Factor, 
16 Abbotsford Place. 

In consideration of the approach of the Christmas recess, the Society 
agreed to ballot for the election of these gentlemen at the present 
meeting, and they were elected accordingly. 

The Secretary read a minute of a special meeting of Council, held 
on the 29th of November, to receive the report of the deputation 
appointed at last meeting of the Society to communicate with the 
Trustees on the Exhibition Fund. After hearing their report, the 
Council framed two resolutions, which they agreed to recommend to the 
Society as a basis for the settlement of its claim upon the fund ; which 
resolutions the Secretary was instructed to print in the circular conven- 
ing the next meeting of the Society. The resolutions are as follows : — 

"I. That the Council be empowered to make the following pro- 
posals to the Trustees of the Exhibition Fund: — 

" (1.) On condition that the interest of the money now accumulated 
be paid to the Society, the Philosophical Society will agree to place at 
the disposal of the Trustees of the Fund (namely, the Lord Provost 
and senior Bailie, and the President and senior Vice-President of the 
Society) a limited number of tickets for enabling readers to consult 
their books within the Society's premises. 

" (2.) If sufficient accommodation, in addition to the Library, can be 
provided by the fund placed at the disposal of the Society, the Philo- 
sophical Society will also agree to take charge of the exhibition of 
patented and other inventions (models of machinery, or otherwise), 
new industrial products, &c., &c., to which access shall be given on 
the most liberal terms. 

"II. That the Society agree to remove to the Corporation Galleries, 
on condition that the Trustees of the Exhibition Fund pay the interest 
of that fund to the Society; and provided that suitable accommodation 
be afforded at a rental not exceeding £100 a year.'' 

The adoption of the resolutions was moved by Mr. Ramsay, Lord 
Dean of Guild, who explained to the Society that the Council were 
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•hut up to the necessity of restoriog the proposal to grant tickets for 
consulting the Library, by the position assumed by the Trustees for 
the Town Council. 

The motion was seconded and supported by Dr. Allen Thomson, and 
afker some discussion, the resolutions were passed, with some Yerbal 
alterations. 

Professor Thomas Anderson, M.D., made a communication "On the 
early History of the Distillation of Coal and other Bituminous 
Substances." 



December 18, 1867. — The Phesident in the Chair, 

The following gentlemen were nominated as members; and in con- 
sideration of the adjournment of the Society during the holidays, it was 
agreed to proceed to ballot for their election this evening, and they 
were elected accordingly, viz.: — 

Mr. Duncan M'Gregor, Optician, 39 Clyde Place ; Mr. J. P. Smith, 
C. £., 67 RenEeld Street ; Mr. B. J. Currie, Merchant, 115 St. Yin- 
cent Street. 

The Society, on the suggestion of the Council, resolved to adjourn 
over the holidays till the 22nd of January. 

Mr. Alexander S. Herschel, B.A., delivered a discourse ^'On Vibrating 
Strings in connection with Musical Harmouy." 



January 22, 1868. — The Pbesideitt in the Chair, 

The President stated that his negotiations with the Lord Provost 
on the subject of the accommodation of the Society in the buildings of 
the Corporation Gallery were making satisfactory progress, and that 
he hoped to be in circumstances to announce a definite result on an 
early occasion. 

Mb. Cbosskbt, in reporting on the addition of new books to the 
Library, mentioned the presentation by the President of Mr. J. 
Scott Russell's work On the Modem Syetem of Naval Architecture^ in 
three folio volumes. The thanks of the Society were given to the 
President for his gifb. 

Professob Qrljxt made a communication ''On the Planet Jupiter 
seen without his Satellites f and subsequently explained an arrangement 
at the Qlasgow Observatory, with Government, for taking part in a 
general system of storm signals, founded on observations made in 
diflbrent parts of the United Kingdom, and in France and Spain* 
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February 5, 1868.— 7%« Pbxbidxnt in the Chair. 

A letter from Mr. Monro, Town Clerk, was read by the PBBSiDXiTFy 
requesting that the Society would make an offer in writing for 
accommodation in the Corporation Buildings. The President received 
the authority of the Society to make a written offer, in terms of the 
resolution of the Society on the 4th December, 1867, namely: — "That 
the Society agree to remove to the Corporation Galleries, on condition 
that the Trustees of the Exhibition Fund pay the Interest of that 
Fund to the Society; and provided that suitable accommodation be 
afforded at a rent not exceeding £100 a year." 

Db. Bbtgb gave an " Account of B^cent Besearchea respecting the 
Internal Heat of the Globe." 



Februarf/ 19, 1868.— ^A« PBESiDEifrr in the Chair. 

Mr. William Schofield, 835 Sauchiehall Street, was elected 'a 
member. 

Mb. St. Johw Yiscwst Day read a paper " On certain Theories 
concemmg the Purpose and Primal Condition of the Great Pyramid of 
Jeezeh." 



Ma^ch 4, 1868. — Db. Bbyoe, Vice-President, in the Chair. 

Mb. Stakfobd reported that a circular inviting members of the 
Society interested in Chemistry to constitute themselves into a 
Chemical Section had elicited a general and favourable response. 
The circular contained the following conditions proposed by the Council, 
in accordance with the former practice of the Society, for the formation 
of a Chemical Section, viz.: — 

1. Boom rent-free. 

2. Bight of consultation of Library given. 

8. Members of the Society to be admitted to the meetings free. 
Others to be admitted as '' Associates of the Section" on payment of 
an annual subscription of five shilling^ 

4. Section to elect its own officers. 

5. Funds to be paid to the Society. 

In order to give the Society's authority to the subscription of five 
shillings annually by Associates of the Section not members of the 
Society, Db. Bbtob intimated that he would bring a formal motion 
to that effect before the next meeting. 



Jk |Vip^ ''On tiie Ourmiatioii '3i* W*mx in itB iMMiiig in Knti. 
H; Du. .foTtT TanT4, was read. 



JTtr/si 1.^. l^mh, — 77w PaEaEDHST ia the Chair 



^>n thii motiiui nit Dr. Brjcis. tiie Society anduiRaefil die ammaf pij- 
ilMnt "vf £1 smhiif^ripeirvn i-^f d7*» ^llin^ by- each iif the afisocixitEi mem- 

^it Wrrxriw Tfroic.^'iT «»siubitefi and explained new Wlt^t^rrk^l 
f n<ttfnm<mtrt f<Ar 4i*lirrat« t^tlni^ pnrpofies. ^ iiae at dea. 

Mit Flft^rcvi-^ Ffc:iT rea^i a paper -*Ona new^ Plastdc ICafiBRaL" 
th^ lA^Anttrm 6f Mr. J'>hii ^>lark, J'onior, ICde-Eoii 

fJlt. f*iiA^cri< H. Tnrotf.ioY r«hd a paper -^On the WjssbaBsw <j£ 
Yf Jipp^an f£/>clc)<,'* and exhibited ipf^eimena haying* the vitreoos appear- 
m^^ yrrAnfM hj tfidden (VA\\nq, 



Mft Hf. 4mtfi Vtffcfiiyfi Dat read a paper ^On the Present Scite of 



Ajrril 15, IHOH.^Th^. Peisioevt tn M« CAair. 

Mr. (yImrlfTff Tninant, Hi. Itollox Chemical Works, Mr. l^VUliom 
iin]\irMih, Hi. Uollox Cliornical Works, and Mr. William Henderson, 
^H^) y/pni (h'orj^M Htrwjt, wcrrj elected members, 

Mr John .fow^pli TurnbuU, <J7 West George Street, and Mr. Robert 
l(. Tttilofk, V.(^..H,, 151 Kant George Street, were proposed as members; 
Mu\ )ti («otifiMlrraiion of iho approaching termination of the Session, 
tlipy wnfii i»liutt«'d iliU rvoning. 

Hh. Am.km TitoMNoN made a communication "On the Brain of the 
Munnnjiiii ntid nihnr HInuro." 

Mti. MACTicAit ^nvc in a report of the proceedings of the 
i ^liMrnliml HtiiitJon, iiiid dijscribed a process for the recovery of Sulphur 
IViitii Alkali WftPio^ 01 practised at St. Bollox Works, and which had 
|iiH*ii ilin «ul\imd> of ft paper read to the Section by Mr. Ludwig 
Mntid. 



April 29, 1868.— STAe Fbebidsnt in the Chair. 

The following papen were read, viz.: — 

Ret. H. W. Cbobbket, "Geologroal Notes of a Jonraey in Norway, 
by Mr. Crosskey and Mr. David Robertson." 

Mb. James Mactsab, " On tbe Sources of Sulpbnr used in tbe 
Manufacture of Sulphuric Acid." 

Mb. Jaues Thomson, "On the Difference of Stmcture in some 
Genera of Carboniferous Corals." 

The PBBBn>£NT congratulated the Society on the close of aoother 
successful session. He announced that the arrangements for the 
accommodation of the Society in the Corporation Buildings in Sauchiehall 
Street were now completed ; and mentioned that he had seen the plan 
for the new rooms, which would afford ample accommodation not only 
for the meetings of the Society, but for the Library, which had long 
been suffering from damp in tho present building. They could not 
leave thia time-honoured hall, however, without looking back with 
r^ret to the eminent men with whom they had once been associated 
— Proressor Qrahim, and the late Dr. Thomas Thomson, Mr. Walter 
Crum, and others distinguiBhed in acieuce, and whose names would 
long be remembered in connection with the meetings of the Society in 
this place. The President trusted that the expense attending the 
removal of the Society and the furnishing of the new rooms would bo 
pmrided for by a subscription amongst the members ; and he hoped to 
have the pleasure, for the last time, of presiding at the opening of 
another letsion, and of welcoming the Society to the first meeting in 
their new ball. 
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DONATIONS TO THE LIBRARY, 

From Ist Mat 1867, to 30th Apbil 1868. 



iEsthetio Culture. An Address delivered at the opemng of the Foor- 
teentii Session of the University Philosophical Society, Dnbliny by 
Q. Francis Armstrong. 8vo. Dublin, 1867. (From the Society.) 

Ansterdam, Koninklijke Akademie van Wetenschappen, Veralagen en 
Mededcelingmi der, Afd. Letterk. YoL 10. 8vo. Amsterdam, 1866. 

Jaarboek, voor 1866. 8va. Amsterdam, 

1866. 

Processen Verbal, Afd. Letterk. 8vo. Am- 



sterdam, 1867. (From the Academy.) 
Anthropological Society of London, Review and Journal of the. Nob. 18, 

19, 20, and 21. 8vo. London, 1867-68. (From the Society.) 
Bath Natural History and Antiquarian Field Club, Proceedings of the. 

No. 1. 8vo. Bath, 1867. (From the Club.) 
Belgique, Bulletins de TAcad^mie Royale de. Vols. 22, 23, and 24. Second 

Series. 8vo. Bruxelles, 1866-67. 

, Annual re de TAoadtoie Royale de. 2 Vols. 18mo. BmxeUes, 

1867*68. (From the Academy.) 
Berlin, Monatsbericht der K5n. Preuss. Akademie der Wissenschaften 

2u. April— December, 1867. 8vo. Berlin, 1866. (From the Academy.) 
Berwickshire Naturalists' Club, Proceedings of the. Vol. 1, No. 5 ; VoL 

8; Vol. 4, 5 Nos. ; and VoL 6, 5 Nos. 8vo. Alnwick, 1837-67. (From 

the Club.) 
Black (Joseph, M.D.), Lectures on the Elements of Chemistry, delivered 

in the University of Eklinburgh. 2 Vols. 4to. Edinburgh, 1803. 

(From George Smith, Esq., 2 Shaftesbury Terrace, Glasgow.) 
Bordeaux, Mi^moires de la Soci^t^ des Sciences Physiques et Naturelles 

de. Vols. 1<4, and Vol. 5, Parts 1 and 2. 8vo. Bordeaux, 18M-67. 

(From the Society.) 
Beaton Society of Natural History, Proceedings of the. VoL 10, Sign, 

19 to end. VoL 11, Sign. 1-6. 8vo. Boston, 1866. 
■ Memoirs of the. VoL 1, Parts 1 and 

2. 4ta Boston, 1866-67. 

Annual Report of the. 8vo. Boston. 

1866. (Prom the Society.) 
Botanical Society of Edinburgh, Transactions of the. VoL 9, P^rt 1. 

8vo, Edinburgh, 1867. (From the Society.) 
Bristol Naturalists* Society, Proceedings of the. VoL 2, Noa^ 9 and 10. 

8yo. Brialol, 1867. (From the Society.) 
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Chemical Societj, Journal of the. Vol 6, New Seiiea. May— December, 

1867. Vol. 6, New Series. JanuarT— April, 1868. %yq. London, 1867- 

68. (From the Society.) 
Christiania, Forhandlinger Yideaekabs-Selskabet !, Aar 1859-66. 8vo« 

Christiania, 1859-67. (From the University of Christiania.) 
Day (St, John Vincent, G.E.), On Certain Points in the Manufacture of 

Malleable Iron, with special reference to the Richardson Procesa. 3vo. 

Glasgow, 1868. (From the Author.) 
Directory ( Art), with Regulations for promoting Instruction in Art 8vo. 

London, 1866. 
(Science), with Regulations for eetablishing and conducting 

Science Schools and Classes. Sixteenth Edition. 8vo. London, 1868. 

(From the Science and Art Department, South Kensington.) 
Drummond (Thomas, R.E., F.R.A.S.), Memoir of, by John F. M'Lennan, 

M.A. 8vo. Edinburgh, 1867. (From P. M'Farlane, Esq., Comrie, 

Perthshire.) 
Duncan (P. Martin, M.B.) and James Thomson, On Cyelophyllmn, a 

new Genus of the Cyathophyllidie, with Remarks on the Genus 

Aulophyllum. 8vo Pamphlet No place or date. (From J. Thomson, 

Esq., Eglinton Street, Glasgow.) 
Gehler^s (Johann Samuel Traugott) Physikalisches W5rterbuch neu 

bearbeitet you Brandos, Gmelin, Homer, Littrow, Muncke, and Pfaff. 

23 vols. Text, 8vo, and 2 vols. Plates, 4 to. Leipzig, 1825-45. (From 

John Morgan, Esq., Springfield House, Bishopbriggs.) 
Geological and Polytechnic Society of the West Riding of Yorkshire, 

Proceedings of the. Vol 1, Parts 1, 3, and 6; Vol. 2; VoL 8, Parts 

1-7 and 9-10; and Vol. 4, Parts 1-a 8vo. Leeds, 1840-68. (From 

the Society.) 
Geological Society of Glasgow, Transactions of the. Vol. 1, Part 1, Second 

Edition, and Vol. 2. 8vo. Glasgow, 1864-68. (From the Society.) 
Geological Survey of India, Memoirs of the. Vol. 5, Parts 2 and 3. 8vo. 

Calcutta, 1866. 
Palseontologia Indica. Series 3, Parts 10-18. 

4to. Calcutta, 1866. 

Catalogue of the Organic Remains belonging 



to the Cephalopoda in the Museum of the. 8vo. Calcutta, 1866. 

Catalogue of the Meteorites in the Museum 



of the. 8vo. Calcutta, 1866. 

Annual Report of the, and of the Museum 



of Geology, Calcutta. 8vo. Calcutta, 1866. (From the Governor 

General of India.) 
Guldberg (C. M.) and P. Waage. Etudes sur les Affinit^s Chimiques. 

4to. Christiania, 1867. (From the University of Christiania.) 
Herschel (A. S., B.A., F.R. A.S.), Meteors and Meteorites : a Discourse 

delivered before the British Association at Dundee. 12mo. Dundee, 

1867. (From the Author.) 



MX 

Atuf/Mln ^niii9»f af HmuuMhim and <!I]iaiEiixB. TaaamBXkam^ dm. ^iL oL 

^v^. {lh^<$rp^, XiWl Fmm die Soiaety.^ 
I«iiiKiMffinn 'if ^gitiivim io yb!ndaiuL Triyii liiiiii of die, TmL Id. 4«^ 

<Viiiii^^. IjVIT. Fmm dui IiwiitDtiaiL. 
fbtuflMfinn 'if M^Jumtrjii Rhc^nenrB. Pmsflsffin^ 'jf the. ^am. L;§B3 rxi 

f>WH. ftiui .1 ?4rm fnr M^. ^Iva. ftirmim^MiL. 1368-47. FixniLaia 

f^^irtfiit (^iUtwif^huuti Mfi LiCATMy Sostef. TzanaKtzuiui 'if die. TdL I. 
dft, (i«UVi»^ (;m-^, IMMd; XMfr-4t); l^4B^lr Li6]^4». »»-«li. sxii 



^JrAf nCi^ ilti^t &!▼. ^)r The FlLTscaL Camfisiiia <]t cks Pwdmi 
NV itn bfMTumf npoa their Socal flui Xonl Wd&R. ^$'▼13^ Ld«ti&, 

f:f*frfiir/f /"^ohn, F,IL5I.;, Chiaa «ui its Tmie. d^o. Lamiaii. L5&». 
lf4%fMMM7 (fffit Henrf, F.BL&}, Tbie BeZastioaa oi ScaoBee to 

IfATii/tMl r.Hrr 4. W,, H«rtO, Seiuorial Yisoii. 8to. Lecdi. 1^95$. 
'>ir<^ rPf<^^ f.R.SOf ffUMMHind Addnai oa the optam^ of the 
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